WHY AND HOW 

A BOOK OF EVERYDAY SCIENCE 


DESCRIPTIVE AND EXPERIMENTAL 


BY 

E. SANKEY 

ALBERT ROVDS. B.Sc, - 

{D«rk«r Higher StonJard Crnire, Oldhom) 



(WITH 123 ILLUSTRATIONS) 


£-30 

sia 


iA'Uuycrrfi:L:i''^i25c«*iTtJNML: JiTP 

LONDON; 8 >ARWNCDON AVENUE. EC4 
EDINBURGH : EAST CLAREMONT STREET 


CONTENTS 


1 INTRODUCTION 

2 "WHY ■reins APB MADE OP LEATHER 

{Coheswn and TenaeUy) 

City walls — armour plate- — diamond dressing — build 
ing materials — wire ropes — Bowden wire — gun 
barrel — cable laying— rope ladder— hammer shaft- 
spider’s web — war shields — reins — lasso — driving 
belt — silk etc 

3 HOW A FOUNTAIN PEN WORKS 

{Porosity and CapiUarUy ) 

Sponge — bricks as ventilators— filters — sugar bleach 
mg — formation of springs — waterproofing — glazing — 
lamp wicks — plant growth— fountain pen — warping 
of timber — tent ropes— Hadrian s wall, etc 

4 WHY A BALL BOUNCES 

{Elasticity ) 

Catapult — braces — spring balance— automatic doors 
—vanishing trick— railway bufi'ers — balls — pneu 
niatie tyres and cushions— spring boards — Homan 
catapults — locks— golf club — cncketbat — clock and 
watch springs, etc 

5 WHY THINGS FALL 

(JSraoiiatvm ) 

Apple — ^tbe paths of moon and planets — game traps — 

bout glass — portcullis — plumb-line — clock weights 

ballast — pit props — ^bridges — ^boU beatings — tables, 
chairs, and shelves — hooka and pegs — telegraph 
poles etc 

6 WHY THINGS ARE HEinjY 

{Mass and Weight ) 

Tug-of war — shape of tho earth — home-made l^vlance 
— spring balances, etc 



7 TVm THINGS STAND UP , 55 

(Centre «nrf 

Bucket and cap handles — knolnoD lids — Pjramid^NfO^o*"*^ 
Egypt — candlc-stick — chimneys and steeples — 
of I‘isa — chairs and stools — stalnlity of \eliicles — 
balancing toys — tight rope walking, etc » 


now A LOCOMOTIVE TAKES UP WATER WITH 
OUT STOPPING CS 

(/nertia of Rttl ) 

Carpet beating — mowing grass — skimming imlk — 
shoTcIhng — loeomotfva feeding — garden roller — 
borso and cart, etc. 


Q WHY A TRAM CAR KEEPS TO THE LINF.S 
{fntrlxn of ilolion ) 

Hop-Scotch— switchback railway— 8wing,8—. rocking 
horse— pendulums— ueo of & hammer — ilredgers and 
elevators— piano and typewriter keys — engine fly 
wheel— tram-car— acrobatic feats — toys, etc 


10 now A WEIOTIINO MACHINE WORKS 
(iTAe Levtr ) 

PnroitiTo tools — spado — door latcli — scales — crow 
bar — pincers — hammers — nut crackers — scMaw — • 
—Roman steelyard — welghlna: machines — wJicel 
barrow — treadles — scissor^ etc 


1! WII\ THINGS FLOAT 

{Ltqtctd Preesure and Prtnctple of Arckxmtdtt') 
Spouting jar — shape of drops — head of liquid — 
fountain — formation of rocks — divers equipment — 
dmng — construction of ships — Plimsoll hno — 
submarines — swimming — Ooatiog toy — milk inspect- 
ing, etc 


12 WHY THE WIND BLOWS 


(Atr Pretaure and the ^Barometer ) 

Soap bubbles — 8uckc.«"— striking novelties — toys — 
drinking trough for poultry — air pressure and water 
— bajometcr — winds, etc 


4 Contents 

13 -WHY RIVETS ARE USED RED HOT 118 

{^Expaixsvm of Sdvis on Heating ) 

■Washing up— fire bars — smoothing irons — brimstone 
— blacksmiths methods— -nfle shooting— telegraph 
wires — railway hues — metal bndges — compensa 
tion in time pieces — pjatioum — furnace bars — a toy 
— wheelwright s methods — nvets etc 

14 HOW TEMPERATURE MAY BE MEASURED 1*^ 

(^Fxpanaxon of Goats and Liquids on Seating, 
and the ThermonuUr ) 

Cycle tyres — ^footballs — gas -warfare — tbememetets 
—freezing and boiling points, etc 

16 WHY CLOTHES KEEP US WARM 140 

(ponduction of Heat ) 

Pokers — matches — glass blowing — cork mats — tea 
pot handles — cookmg utensib — asbestos building 
matenal — Dayy safety lamp — heat illusions — meat 
safes — hay box cooker — Esquimaux bouses— clothes 
—blankets and eiderdown, etc 

16 HOW THE BATH WATER BECOMES HOT 151 

(Conteciion in Liquids ) 

Making coffee — toys— cooling jackets for engines — 
central heating — hot water supply — ocean currents 
— open and closed ports, etc 

17 WHY A ROOM MAY BE DRAUGHTY ICO 

{Coniection in Gases) 

Toys — smoke prevention — fire balloons — motor-cycle 
cylinder cooling — diaughte — lamps and stoves — 
blower — Roman heating system — mine ventilation — 
marine ventilation — ^house ventilation, etc. 



PREFACE 


Our aim is to interest and inspire boys and girls 
of all ages — especially those from twelve to sixteen 
years Our text is, “Why? How? ' Voung people 
are constantly asking, “Why does ?’ “How 
does It . . .?" A large number of such questions 
have been collected, and, after classification, used as 
the groundwork of this book 

It is not to be desired that the flow of inquiry 
should be staunched, it is rather to be hoped that 
the knowledge gamed may promote further seeking 
after enlightenment 

The chapters are arranged in a logical sequence, 
and illustrations of scientific laws are chosen from 
common processes — processes which often are not 
considerfed noteworthy simply by virtue of their 
familiarity and nearness to us — as, for instance, the 
unlocking of a door, the lifting of a bucket, the turning 
of a screw-driver. 

In order to encourage private research and individual 
effort on the part of the student, further simple 
practical applications of the pnnciples treated have 
been appended The further experiments suggested 
Will be found to form a valuable recapitulation of the 
subject-matter ^ 

These experiments, 'as" well as those described in 
the text, may be performed by the use of such 
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apparatus and materials as an ordinary household 
would furnish, thus obviating the necessity for the 
usual laboratory equipment. 

The book, in addition to its general usefulness, 
will provide Evening School students of Preliminary 
ene^l Science (including Mechanics, Hydrostatics, 
an eat) with an attractive and easy treatment of 
their subject 


The Illustrations are numerous, and the experiments 

aiuh P^formed many times by the 

authors and have received due appreciation 


E. S. 
A R. 


. Compa„,o„ V clume 

rural science 

By J Mason, MA-hndJ A Dow.MA 

A-nv„Y.„ J=.aiv 

M»ny IHunr«tion» 
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2. Why Reins Are Made Of 
Leather. 

It IS not difficult to prove that there is air at every 
point on the earth's surface We can feel its presence 
when we wave our hands quickly We can feel it, 
too, when we are stingghTig against a strong breeae 
or when ndtng on the top of a tram-car When 
walking through the air in our rooms at home we do 
not notice that it offers any resistance to our move 
merits A balloon rises and passes through the air 
quite easily, and the wing of an aeroplane cuts through 
it without the slightest difficulty 

It IS not so easy to make our way through water 
The swimmer knows that he cannot swim as quickly 
as he can walk The fastest railway engine travels at a 
much greater rate than the fastest ship The swimmer 
and the submarine have to overcome some resistance 
on the part of the water Yet, the resistance offered 
IS not too great, for men swim easily under water and 
fishes move and turn about quite comfortably We 
may say then that air offers little or no resistance, 
but that water does offer some resistance 

Now, think what would happen if we were locked 
in a room We should have no difficulty in walking 
through the air to the door, the wall, or the window, 
but having arrived there should be compelled to 
stop, and if our lives were in danger we should 
consider breaking the window or hammering down the 
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door Certainly we could not ivalk through the solid 
wall or through the door, because the wall and the 
door would offer too stout a resistance to our bodies 
It IS only in fairy tales that rocks divide and mountains 
move at the sound of a magic horn 

Why should most solids be so difficult to penetrate 
whilst liquids and gases can easily be penetrated ? 
Can It be that the matter composing solids is bound 
together by a greater force than the matter composing 
liquids or gases? 

Let us consider the following experiment Take 
three glass vessels, and in the first one place a lump 
of iron We find that the iron keeps its own shape 
In the second one place a quantity of water We 
see that the water quickly accommodates itself to the 
shape of the occupied part of the vessel, and we can 
distinguish Its surface quite dearly Now fill the third 
one with coal gas by holding it over an unlighted 
gas jet * We cannot see the gas, but we know that, 
unless confined by some kind of lid, it will spread 
itself out of the vessel and into the room All sub 
stances are composed of molecules — a molecule being 
the smallest particle of a substance which can exist 
and yet retain all the characteristics of that substance 
Remembering this fact, we are led by these and similar 
experiments to certain definite conclusions 

1 A very great force binds the particles of the iron 
to one another so strongly fftat they cannot" easny 
escape from its surface f^Thcy thus remain bound 
together and the lump retains its shape 
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2 When water is poured into a vessel its particles 
move about freely, and the water flows until finally 
It occupies its maximum space m the vessel and has its 
surface level Is there a force controlling the movement 
of the water particles ? Yes, and it keeps them to 
gether at the surface of the liquid 

3 The particles of a gas flow and spread more readily 
than those of a liquid As it has no surface of its own 
we conclude that there can be no binding force in a gas 

This binding force or attraction between particles 
is known as cohesion, and it is one of nature’s 
greatest forces A simple experiment will show 

how great it can be even m a liquid From siout 
cardboard cut a spoon shaped pattern of a circle 
and rectangle joined together (Picture i) Bend the 
card so that the circle rests 
just on the surface of the 
water m a glass tumbler, and 
arrange that the greater part 
of the rectangle projects hori 
zontally over the rim The 
cardboard circle is, of course, 
wetted by the water m the 
vessel, so that to pull away 
the circle from the liquid the force of cohesion between 
the water molecules will have to be overcome Try 
to do this by placing pe^ies on the end of the pro 
jectmg rectangle We are surprised to note the 
weight of copper necessary to separate the uet card 
from the water 



Picture 1 
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Cohesion in solids is often very difficult to overcome, 
and our strongest efforts to get the better of it are 
sometimes powerless. The cohesion of the stones 
in the walls of cities, such as Chester, has often 
protected the citizens against the furious attacks of 
a besieging army. Armour-plate and the walls of 
our strongest safes can be made to resist the heaviest 
onslaught, and this is solely due to the strength of 
the force of cohesion in them 

The varying degrees of hardness ivith which we are 
familiar in the difTerent bodies around us show clearly 
that cohesion is greater in some substances than in 
others We find that cohesion is very strong m a 
diamond — so strong indeed that no metal instrument 
can cut It, and if wc wish “to dress” a diamond we 
arc compelled to rub it against another diamond 
Because of their hardness diamonds are used by 
glaziers to cut glass and by oiJ-prospcctors to bore 
rocks iMetals exhibit a weaker degree of cohesion 
than diamonds, as is showm by the fact that filings of 
iron, copper, brass, and other metals can be detached 
from a solid lump by means of a hand-file The force 
of cohesion IS weaker again in stones, which often 
break or arc crushed to powder under the blows of 
a hammer. 

It IS by the oicrcoming of the cohesion between 
ihcir molecules that grindstones and whetstones are 
worn, that roads become dusty, and that sea-shore 
rocks arc reduced to sand Why must a^ciilptor 
use a chisel and a heavy mallct^o carve stone, whilst 
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The barrels of large artillery guns for land batteries 
and warships are wire wound to enable them to with- 
stand the shock caused by the shell passing through 
In a lesser degree, a similar object is attained by 
binding wooden casks with bands of iron 

All metals are nol equally tenacious — for example, 
copper IS not so strong as iron Because the cohesion 
of copper is rather low many attempts to lay the 
transatlantic cable failed — the copper, of which the 
cable was composed, was unable to stand the strain 
imposed upon it It was not until Charles Bright 
succeeded m increasing the tenacity of the cable by 
wrapping steel wire round the copper that the difficulty 
was overcome. 

The tenacity of metals is generally high, but other 
substances are equally strong It is surprising to note 
how great is the tenacity of cotton A single fibre 
of raw cotton is able to support a weight four million 
times as great as its own weight Were it* not for 
the effect of damp and frost on its fibres a cotton 
rope would be one of the strongest materials known 
Hemp and jute fibres are very tenacious, and it is 
found possible to make very strong ropes and rope- 
ladders from these substances Because of its tenacity 
a hempen rope does not break when used for a tug-of- 
war This explains also why a string hammock can 
bear the weight of a heavy person, and why it is not 
easy to break linen thread** 

Tenacity in a block of wood is due to the tensile 
strength of the hundreds of fibres of which it is 
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composed Each fibre beh'i\es like a strong wire, and 
that IS nhy a block of t\ood shows greater tenacity 
alottg the gram than across it The joiner always 
considers this difference of tenacity whenever he 
constructs a timber support for a hcav’> object 
Examine the shaft of a heavy hammer In which 
direction does the gram run through the wood 



The fibre of the wood should follow the 
Curve cf the hammer handle 


{Picture 3) ? It runs from end to end m order to 
make the tenacity of the shaft as great as possible, 
and so enable it to withstand the strain when the 
hammer is in use 

A great part is played by tenacity in the lives of 
animals and insects The spider spins a very fine 
web, so fine, indeed, that it is almost invisible, and 
yet so strong, because of cohesion, that it will support 
the weight of a comparatively heavy wasp without 
breaking Some tropical spiders can spin a thread 
strong enough to bear the weight of a small bird 
When once a spider has caught a fly it makes its 
victim secure by binding its wings with a thread, 
\erracAy 

desperate efforts of the fly cannot overcome it. 

Hunters in Africa describe in their jo 
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difficulty they have experienced m shooting such 
game as the elephant and rhinoceros because of the 
vei^ stout hides of these animals Nature has pro- 
vided them with an armour plate which has such 
tenacity that heavy ammunition must be used if we 
wish to pierce it When David Livingstone was 
exploring the heart of Africa he frequently encountered 
savage tribes who went to war armed only with spears 
and huge shields made of raw hide stretched over 
wooden frames The hide was very tenacious, and 
gave ample protection to the warriors During the 
Great War it was reported that the stout leather jerkin 
worn by many soldiers, although not impenetrable, 
helped to preserve lives 

When hide has been tanned its tenacity is increased, 
and this makes it possible to use leather /or a variety 
of purposes Frequently boots and shoes are fastened 
with laces made from leather, and, in our factories, 
driving belts are usually joined at the ends by leather 
lacing which wears as long as the belt On the cattle 
ranches of Canada the cowboys use lassoes of light 
leather, which can be subjected to the strain of a 
struggling steer without breaking Harness makers 
find the tenacity of leather a great help to them, and 
the reins and traces made from it do not give way 
to the pull of a very strong horse (For exceptionally 
heavy work chains are sometimes used as traces ) 
Leather has other pro|}erties besides tenacity which 
make it the most suitable material for reins It is 
flexible, and this enables the driver to govern his 
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horse easily and to drive with a “slack rein” when- 
ever he wishes Leather is comfortable to touch and 
It IS only very slightly porous We shall consider 
these properties in later chapters Moreover it is 
comparatively cheap, no cheaper material possesses 
its strength, its flexibility, and its comfortable touch 

The silkworm is an insect which spins a thread 
which IS stronger than any vegetable fibre Silk, as 
It comes from the cocoon, is more cohesive than a 
thread of steel of the same thickness, and thus the 
silkworm is safely protected during its period of 
changing into a moth Even though the twisting of 
silk fibres into a skem decreases their tenacity, silk 
thread is nevertheless very strong, and a dressmaker 
finds It very difficult to break embroidery silk with 
her fingers 

We are now able to understand why a solid 
generally retains its shape, why a liquid takes the 
shape of ‘the vessel containing it, and why a gas has 
neither definite shape nor size Further thought will 
enable us to explain why a gas can be compressed 
easily, and why it is difficult to compress liquids 
and solids We have also learned that there is a 
giant force called cohesion, which holds together the 
molecules of solid and liquid substances Without 
this force everything would be shapeless and gaseous, 
and once again the earth would be “without form" 
There could be no raindrops* no sheets of mefai* no 
tenacious wires, no hard substances of any kind 
whatsoever 
WAD — B 
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Further Experiments. 

1 Take three tall jara of equal depth and fill the first w\th 
sand, the second with water, and leave the thud containing 
only air Rcit a flat ruler across the top of the jars and 
place three pennies on the ruler, one over each jar Remove 
the ruler quickly Which penny reaches the bottom of the 
jar firsts Explain nhat occurs 

2 Try to write on paper with the head of a match Now 
strike the match but extinguish it before the wood has 
burned away Again try to write How do you account 
for the difference * 

3 Stretch a sheet of tissue paper, a sheet of writing 
paper, and a sheet of dravang paper over separate frames 
Shoot pellets at them, using a catapult Which is the roost 
tenacious sheet? 

4 Place three matches together and try to break them 
between the finger and thumb Take three more matches 
and wrap them tightly with thin wire m cloie coils Now 
try to break the matches as before Explain the effect of 
the wire 

6 With a sharp knife split a wooden rod down the gram 
Now cut the rod across the gram Repeat the Experiment, 
using a roll of clay instead of the rod Wliat inferences 
do you draw? 

6 Tie a boy’s hands ti^ethcr, using one strand of sewing 
cotton Can he break the thread? Now twist ten strands 
togethei and with this tie hts hands again. Can he break 
this? Why? 
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3. How a Fountain-Pen Works. 

Place a lump of sugar in a tumbler and fill the 
vessel uith water What happens? Our sense of 
taste tells us that the water on the surface becomes 
sweetened This means that some of the sugar has 
passed through the water, from the bottom of the 
vessel to the top We notice a similar process if we 
use a few drops of ink in place of the sugar We 
see that the ink rises and difluses through the water 
till it has coloured the whole liquid 

Let us experiment again Pour a thimbleful of 
uater into a small vessel and add to it another 
thimbleful of methylated spirit Now, measure the 
volume of the mixture It occupies rather less space 
than two thimblefuls Where has the vanished liquid 
gone? Scientists explain the loss in volume by 
•saying that a portion of the spirit has filled the 
spaces between the water particles These spaces 
are known as pores, and are so called from the name 
of the openings we can see in our skin when ue 
examine it through a magnifying glass 

Many substances are so porous that the pores may 
be seen ^\lth the naked eye, as, for example, in chalk, 
pumice, and sponge In other substances the pores 
are discovered with some jjifficulty Lead and iron 
are of this class, but Trancis Bacon in 1640 proved 
diVe p\jcrss£ir cn‘‘ Akvi’ TAw !re iy jr£\r?- 

pressmg a hollow sphere of lead filled with water 
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find that after using it for a few days it has extracted 
a fine muddy deposit from the water 
Cloths of various kinds have been 
used for filtering liquids For ex- 
ample, outpost riders among the hills 
of India often find no water avail- 
able except the muddy water from 
streams Before they can use this 
water for drinking purposes it must 
be filtered To do this, they pour 
the muddy water into a hat and 
collect the liquid which percolates 
through the fabric A similar method 
IS used by housewives for extracting 
the juices of fruits The crushed fruit is hung in a 
jelly bag — te, a canvas bag shaped like a clown’s hat 
inverted {Ptctuie 6 ) — and the liquid 
juices are filtered from the solid pulp 
For very delicate filtrations a chemist 
uses a filter paper, which is simply a 
thin layer of blotting paper of \ery fine 
texture He lines a funnel with this, 
and pours into it the mixture he uishes 
to separate 

Porcius substances readily secrete 
gases as well as liquids in their pores 
It is therefore advisable, m order to 
absorb the obnoxious fluids, to place 
I’lcture !>. pigce of charcoal m a meat safe, m 
the air pipe of a lavatory basin, and in the water in 




Picture 6 
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which a bulb is growing The charcoal must be 
frequently renewed for its pores are soon filled, and 
then no further absorption can take place 

The sugar which we see m the sugar basin has the 
appearance of white crystals, but the syrup from which 
It IS manufactured is dark brown This change is 
caused by passing the syrup over animal charcoal, 
which has very fine pores that take up the colouring 
matter 

Respirators were used during the Great War to 
protect the soldiers from the effects of poison gas 
They were charged with such substances as charcoal 
and tow, so that the air was filtered from the poisonous 
gases in passing through the respirator 



Ficturo 7 


Much of the rain which falls on the earth s surface 
does not dram away in streams and rivers, but sinks 
tnrou^n pores m the soil and nourishes the roots of 
the grasses, plants, and trees, which arc \er\' dependent 
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on the porosity of the earth for their growth. Water 
often continues to soak through the soil till it comes 
to some stratum, like clay or granite, through which 
it cannot pass (Picture 7). In this case it some- 
times forms an underground lake, or it may follow 
the impervious stratum to the earth’s surface again, 
and so form a spring. 

Vessels for holding liquids should be ver>’ nearly 
impervious. A great advance was made in the potter>’ 
trade when Bernard Palissy discovered a method of 
glazing the surface of pottery so that it would hold 
liquids without any leakage due to porosity. In 
making the discovery Palissy nearly ruined himself 
and his family. His efforts to make his furnace hot 
enough to produce a glaze were only rev'arded after 
lie had broken up the furniture of his home to provide 
fuel for his fire. This final effort turned out success- 
fully, and since that time delicately glazed china 
vessels have taken the place of the thick and heavy 
porous earthemvarc previously in use. The sizing of 
paper closes the pores, and acts in exactly the same 
way as glazing does in the making of potterj'. Tims, 
writing with ink on paper has become possible, for 
without an impervious surface the ink would soak 
through and spread over the paper as it does when 
we write on blotting-paper. 

It often happens that a fabric has to be v\’atcrproof, 
and to make it so its pores are closed by a thin 
layer of rubber, or other non-porous substance. One 
impcr\’ious substance widely used for this purpose is 
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tar, which is spread over the surface of canvas to make 
tarpaulin cart sheets It is also spread over thin 
layers of felt to make a cheap roofing material Pitch is 
frequently used instead of ordinary tar, as it is equally 
impervious The sides of a boat are often coated 
with one of these substances in order to make the 
wood work impenetrable by sea water — hence the pro 
verb, ‘ Don t spoil the ship for a ha’p'orth of tar ” 
The gable end of a house is made damp proof by a 
slate covering or bj tar painting A damp proof 
course of tarred felt, slate, or glazed brick is generally 
placed just above the foundations of buildings to 
prevent the rnoisture passing upwards through the 
bncks 

Leather is an almost impervious substance The 
skin bottles which were used tn Palestine, and the 
leather cups from which the Savons drank their 
mead, did not lose much liquid by porosity But 
leather is not absolutely impervious, as we find when 
we examine our boots after a day’s tramp through 
the snow or rain To make leather damp-proof we 
may coit it with a layer of oil blacking, and thus, 
perhaps dose the fine pores 

If we examine under a microscope those substances 
which soak up liquids wc arc able to see thousands 
of hair like pores through which the liquid is drawn 
These are known as capillary tubes (Latin, capiUus, 
a hair) The smaller the bore of these tubes is the 
higher the liquid will rise in them We can illustrate 
this principle thus Bind together with a strong 
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elastic band two clean glass photographic negatives 
from which the films have been stripped {Ptcitire 8) 
By slipping a knife 
between them at one 
edge they can be 
separated slightly so 
as to form a V shaped 
enclosure of air Now 
hold the plates with 
the touching edges at 
right angles to the 
water surface Then 
dip them for about one third of an inch into a tank 
of coloured water The water rises between the plates 
and forms a concave surface The height of this 
curve increases as the plates get closer to each other 
The same effect may be produced by using any liquid 
which wets the plates If mercury (a liquid which 
does not'wet the glass) is used we find that the curve 
IS convex and is depressed below the mercury surface 
in the tank 

OapiUanty, as this rising of liquids up a tube is 
called, IS the method by which blotting paper and 
cloths soak up the liquids with which they come in 
contact The lamp wick and the lubricating oil 
dripper are further examples of the same principle 
In the days before metal burners were used m lamps, 
lights were obtained hy tUc burning of oi! Tlic oil 
was contained in a long, shallow vessel {I^icture 9), 
and one end of a rush was dipped into it By ‘ ' 
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means the oil was soaked up to the other end of the 
rush, where it could be burned Candles and tapers 
keep themselves alight by 
the burning of wax in the 
form of vapour the liquid 
rising by capillarity up the 
Ictureo cotton wick Because of 

capillant> a piece of cotton maj be arranged to 
siphon water from one vessel to another 
The fountain pen depends on capillarity for its 
feeding system From the ink reservoir a narrow 
vulcanite holder runs to 
the nib {Picture lo) and 
in this vulcanite a v ery fine 

groove is cut The capillary *ict oh dt a tounta n pen 

flow of the ink from the 1 cturo lO 

barrel alonff this Rroote gives the mb a sunicient 
supply of ml, for n-riting purposes 
WTien an elastic capillary tube is filled uith liquid 
It IS often much larger than when empty and this 
exp ams uhy a uooden door often suells in damp 
eatber but uarps on hot days ,t ,s because the 

and II "P *'>■ “pillarit, 

and su ell that a scout slackens h.s tent lines before 
a storm breaks. 

showing the sucllmg due to 

Mr h i ” "I'J =^1= 

that th" 1 ^ “I 1 dinner plate so 

the half matches so that they radiate ,n pair, like the 
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spokes of a wheel {Puture ii) If a drop of water is 
allowed to fall on the centre point the matches swell, 



Picture 11 Picture 12 


and are forced outivards, to form the pattern of a siv- 
pointed star {Picture I2) 

The Romans made use of capillarity when m the 
year 120 AD, they were constructing Hadrians wall 
from the Tyne to Solway Firth Whilst the excava- 
tions were in progress the workmen encountered a 
massive rock which their most powerful tools could not 
break up With indomitable perseverance the Roman 
engineers set to work to invent a plan for boring 
the rock After long consideration, one engineer 
volunteered a suggestion which met with the General’s 
approval and was acted upon immediately Holes were 
drilled in the rock m as many positions as possible 
This done, the holes were tightly plugged with 
wooden spars, and then a quantity of water was 
poured over tiie wood The wiier soaked into the 
wood by capiUarit>, and caused it to swell with such 
force that, after two nights, the rock broke into 
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fragments ^^nmilar method, known as “water 
plugging,” IS used for breaking up rock in mines 
where blasting is too dangerous 

Now look around for other examples of capillarity 
—at home, in the street, and m school 


Further Ejcpenments. 


mr* afd rLe ' ‘■ye on the bottom of a 

Leave t 8=P 

observed 

the ‘ Soak 

To? fs drv as o' “bl ’"■P= ‘1= 

Lee L eJpKf the'differ 

liquid tvhich*^alfp\eh^ '^*a'**™'*i Collect and' examine the 
pot, havinv the hole ’'a hquid into a plant 

through TTaysr of S It, ■' 

name do wo Jive tn rtf “"“'"e •“P's >n a funnel What 
me oo we give to these processes I What is the resnlrt 

PamUhe .ns.“ oT JfSrt *1? '«''>at happen, I 

bag hdd watecl Zm“d^" “““'f DoS this 
has taken place ^ ^ explanation^ of what 

and then arran'ge o'pISlTt^m ” '’'w ”* 

soil Note the waterTeTefat S 1 7" T'"' ™*" *“ 
hours Where has the wati gS? " 

a V shaped V'Ce'iIf™S'’(mad''h”b ff!! “P"®''*' ^’■^S 

over the string Moistei V ^ breaking a match) 

happens to the match and why! 
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4. Why a Ball Bounces. 

Let us make a boy s catapult Find a small forked 
stick and attach an elastic band to both prongs We 
might strengthen it by inserting a piece of leather m 
the middle of the elastic band but the simple form will 
suit us for the present Now we can use it for throw 
mg small missiles, such as stones peas nuts, and paper 
pellets How is it done ? We pull the elastic band 
and it stretches , we release it and it springs back to 
Its original length with such a force that the missile is 
shot much farther than we could throw it with our 
arms Look at th? elastic band again First, it is of 
a certain length , when we stretch it, it increases in 
length , when we release it it resumes its original 
form What is it made of? It is made of india rubber 
and this possesses the property of elasticity Because 
of this property it is able to return to its former state 
after being stretched We know many things that 
can do this — braces, arm bands springs We make 
good use of this property in the construction of a 
spring balance where the attraction between the earth 
and the "body to be weighed is the pulling force If it 
were not for the elasticity of the spring in the balance 
the pointer would not return to the zero mark on the 
scale whenever the weight was removed from the hook 
Stronger springs are often used to ensure the automatic 
-tfi 'iaA •gifti.'*. Ow cb/acds. 

are elastic, and so also is our skin , we can extend them, 
and after relaxing they resume their original form 
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Stretching a substance is not the only way of 
demonstrating its elasticity Let us examine a bicycle 
pump We see that it has a long piston which can 
slide in and out of its barrel Inside the barrel there is 
always air When in ordinary use the pushing down 
of the piston forces most of this air out through the 
hole in the end of the barrel Instead of using the 
pump in the usual way let us close the hole by means 
of the thumb {^Picture 13) This prevents any air 



Pictore 13* 


entering or leaving the barrel Now try to push the 
p. on down the barrel Is this an easy or a difficult 

Me nti h "1"“"''' the 

at all" Y 

the barr 1 Vm"" d'Stance down 

barrel ? "n '"'r 'v'lhin the 

betid d Therefore, this same air must 

pdon r d" the 

about Ty de presredfte"-":"" 

the barrel has bden mp ttd’’’ tT 

onNr a.in.i . *u “-“"^Pfessed The air IS compressed 

Wht t P""'’''' ‘•'= barrel 

When we release the handle we withdraw the com 
pressing force What happen,. The piston dies 
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back rapidly to its former position The reason for 
this IS that the air within the barrel has regained its 
original volume 

We see a similar effect when a conjurer wishes to 
“vanish a large silk pocket handkerchief He rolls 
the handkerchief into a small ball and squeezes it into 
a very small space by compressing it with the muscles 
of his palm So long as he maintains this pressure it 
IS small enough to be concealed but when the conjurer 
gets to that stage in his performance when he wishes 
to produce it again he must withdraw the compression 
To do this he relaxes the muscles of his hand and the 
handkerchief at once returns to its original size With 
out any knowledge of sleight of hand we can produce 
similar effects by using a sponge or an elastic band 

Substances which take up their original shapes after 
compression are said to be elastic that is to possess the 
propertj of elasticity Clay cheese, and putty are 
compressible but they are not elastic, since they keep 
their new shape when the pressure is removed 

The bicycle pump the buffers at a railway terminus 
pneumatic devices for closing doors, shock absorbers in 
heavy artillery guns, 
and the compression 
chamber in an air gun 
{Pictures 14 md 15) 
all depend for their 
satisfactory w'orking 
upon the great elas- Picture 14 

ticity of air They all comprise a cylinder filled with 
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air and, as we have seen, this air can be compressed 
b} a piston, blit it 
regains its initial 
dimensions ishen the 
pressure on the 
piston 15 withdrawn 

R?{Oil«fsurtMs>i«s pistonfarthtrintoCylnctn' . rr a. 

otXgreatu] compressing th«airc<nttentS A similar etfcct is 

Picture 15 found m the pop gun 

In this case the air, after compression, forces out the 
cork from the end of the tube in order to return to its 
initial volume 

The elasticity of air, as shown when under com- 
pression, was first investigated by Robert Boyle in 
i6d2 This English chemist ts often spoken of as 
"The Father of Pneumatics,' on account of his dis- 
coveries In one of his earliest 
experiments he used a large 
spherical glass globe into which 
air could be forced {Picture i6) 

With this apparatus he was able 
to show that the volume of air 
decreases as the pressure on it 
increases, which is just what we 
discovered in our experiment with 
the bicycle-pump We may express 
the results of Boyle’s imestigation 
by saying that the volume of air 
vanes inversely as the pi^sure if 
the temperature tcmams constant 
This IS a statement of Boyle's Law. It tells us, for 
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example, that »f a gas has a definite volume when 
under a certain pressure, then when we increase that 
pressure eight times we at once decrease the \oIume of 
the gas eight times Decreasing the pressure on a gas 
has the opposite cfTcct on its \o!umc Boyle gives us 
his own explanation in detail He says, that when 
the air springs back to its original volume on account 
of the pressure being removed, the air particles behave 
like minute sponges or the hairs of a fleece of wool 
As we know, these substances arc very elastic, and 
regain their original shape almost immediately after 
any compression of them is withdrawn Consequently 
he named this property “The Spring of the Air' 

We can illustrate this “spring” of the air in a very 
simple manner Pour water into a bottle until it is 
half full, and then hold it in such a way that it can 
be blown into very strongl) After blowing into the 
bottle close the open end quickly with the thumb 
The boitfc is now half full of compressed air, which 
IS very elastic and tends to 
regain a larger volume Tilt 
the bottle so that the water 
fills the neck of the bottle 
Now slip the thumb back a 
little so as to form a small 
exit, and it will be found that the pressure of air, 
due to its great elastiat>^ will force out a long jet 
AS if JCmro a soda s^ohon 

{Picture 17) 

The follownng interesting experiment provides us 
w tn — c 



l ccuni J" 



34 



Why a Ball Bounces 

with an ingenious application of the elasticity of air. 
Having placed a threepenny piece on a smooth table 
let us propose to our friends that they are to raise it 
without touching it in any way Of course they will 
doubt that this can be done, but, by holding i half- 
open hand about three inches 
behind the coin, and blowing 
with a sharp vigorous puff 
just in front of it, the three 
penny piece will leap up in 
the air and may be caught 
• in the waiting hand {Picture 
i8) This IS because, when 
we blow, a jet of compressed 
j ‘S forced under the com, 

and the expansion of Ih.a a,r, due to .ts elasticity, 
causes the com to leap from the table 

1 boys and girls love a bouncing ball, but no ball 
would bounce were it not for the elastic prbperties of 
c materials composing it When we throw a rubber 
ball against a white washed wall it rebounds and may 
^ “I" ball we 

contn r m P-rtion of ,t has been m 

with the wall, as is shown by the white circle 

have 

of the the wall by the pressure 

clastic t ™*r^'i, ‘his compression, the 

c asiicty nr rhe rubber and the am mside it oauscd 

indmrXh" rebound A hollow 

er a which has been pierced with a needle 


Picture 18 
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Why a Ball Bounces 

does not bounce so well as an unpierced ball, because 
the air within is not compressed so much by the 
impact, but escapes through the hole In unburstable 
balls the outer sphere of rubber encloses a core of 
India rubber sponge which retains its elasticity after 
the covering sphere has been punctured All bouncing 
balls must be made from elastic material, hence the 
use o glass for marbles and ivory for billiard balls 
No one would think of using balls made of putty for 
a game of billiards I 


ithout this wonderful property of elasticity, travel- 
ng y motor would be a succession of nerve racking 
Io^ 'yt's. laminated springs (_P,cluri 

fertile °d I"' 

lanullctu -'t* I “-e 

Istatv aft 

elasticity after compression {Future ao) 
by bendr"*'^ ‘'T'"' demonstrated 

Shs" tI r - at the swimming 

recoi t T -d the 

or the 1 *‘™ “PU’afds One 

made by the R 

rurhnu . "=■ “uatructed catapults for 

al:f They hLd one 

thefl eZ V^^'^'^ “d drew doivn 

was attached ^ 

When suddenly released tt '’‘aued 

/ released, the pole returned to its 
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original position, thu hurling the missiles from the 
basket into the midst of the enem> Similar devices 
have since been used 
for hunting inimals 
and constructing 
traps. Itistheelas 
tjcityof the bentstecl 
in a lock which shoots 
the bolt into position 
after the key has Piccuro 

been turned {Ptciuh 24) Much of our sporting 
apparatus depends for its operation on clasticitj 
b) bending as m the case of a fishing rod uhen 
the fi) IS thrown of a golf club when the drue is 
made of a cnckct bat when a good stroke is plajed 
•^nd of the archers bow when the bow string is 
released {Picture 22) Cane and willow on account 
of their elasticity, are commonl} used in making these 
rcquisitcs'for sportsmen In crossbows such as were 
used in the battle of Cric\ the bending of the bow 
was accomplished b> turning a small windlass which 
enabled the bowman to bend his bow more than was 
possible b) using his hand alone {Picture 23) When 
the wind causes the tree tops to swa> and the com 
and tall grasses in the fields to be blown aside what 
follows? Thi-j regain their upnght position after the 
breeze has passed because of thcir elasticit) 

The action of a clock spring and of the hair spring 
of a watch illustrates the clastic property of a metal 
when bent into a cod 
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Substances show varying degrees of elasticity 



Fictate 25 


when they are twisted Scientists 
speak of this as torsion, but the 
principle was known long before 
this name was given to it In cer 
tain parts of Scotland the method 
used for roasting meat in front 
of a fire has been handed down 
for generations {Picture 25) It 
consists of hanging the meat 
from a hook suspended on a wire, 
which after being twisted, con 
tmues to untwist and twist again, 
thus turning and turning the 
meat till it is perfectly cooked all 
round 


Boys often make use of torsion to rotate the 


propeller of a toy 
aeroplane {Picture 
26) To do this 
the propeller is 
attached to a few 
strands of india- 
rubber which are 
tightly twisted, and 
which, when re 
leased, untwist in 
the opposite direc 



tion thus causing Picture 26 


the propeller to rotate at a rapid rate 
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As \\c walk to and from our homes we may observe 
many more examples of cHsticit> It is interesting 
to determine whether a bodj returns to its original 
form after being extended or pressed, or bent or 
distorted 


Further Eheperiments. 

1 Bound an egg cup, which is standing on & thick cloth, 
arrange four discs— ouo of bone, ono of I'ory, one of celluloicl, 
and one of iron Using the bono btado of a pnptr knife, 
prtsM tiio edges of tho discs m order Which discs jump to 
the cgg<up, and why 1 

2 Obtain n metal tulio into which a thm pencil will slide. 
Press tho tuba into a potato and then withcimn it The 
tubo now has a plug of potato in it. }>o tho same with the 
other end Using tho pcool as a piston rwl, forco one plug 
up tho lube Hsplam whit happens to tho other j>lug 

3 nil n puncturetl ball with water Bill it bounce t 
Bmpti tho hall of water and allow it to fill with air Again 
try to bounce tho ball RepiAt the expenroent, basing 
closed tho hula in the bull with wax Ilow do _^ou explain 
jour obscriationsl 

-1 Strike the pronga of a dinner fork rmnrtlr against the 
tabJo ninl at onre touch a glnas tumbler hj^hllv with ihtm 
Bhat do >ou notice! Do tho same with a wowlen fork 
How nia\ tho results be explained t 

h Pass a string through two holes in a button and tie 
the rniK Loop the siring i»er the thumbs having one on 
each Bide of the button Tlien twiat the Btnng tighlW hr 
twirling the button Belcaae tiro button and obserre wljit 
liapprna. Tlow does pulling outwanls with the thuo-ba 
afoct tho dv«cT B hat do joj infer from thiaf 

^ fXrojT <t rtfWe’e itxH and a fttW nf e.’ai <fa a hrfr eS 
chalk duit. B liat happent loanune l>oJi balls and 
ctjlain your obsenratioia. 
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5 . Why Things Fall. 

At any moment of the day, at whatever place we 
may happen to be, whatever we are doing, we may 
ask many questions about the things around us, and 
these questions may puzzle even those who are very 
learned Many people, of course, do not pause to 
think why things happen as they do Having just 
arrived home after his day’s work, and ready to enjoy 
a well-earned meal, a man takes out h.s latch-key, 
places It m the lock and gives it a turn Then he 
pushes the door and it opens He enters the house, 
closes the door, takes off his hat and overcoat, hangs 
them on hooks, turns the water-tap, washes his hands 
and face, and so continues to do many other things 
with which we are all so familiar Most of them are 
repetitions of what he has been accustomed to do for 
as long as he can remember Think over our own 
various actions At nearly every stage we are moving, 
r at least trying to move something When we turn 
he key ,n the lock we move the bolt, when we push 
the door we move it on its hinges , we move our Ls, 

and h®'; T r hats 

and hc„ts from place to place, and so on Our imagi- 
nation may eatend the list much further Now, what 
aactly were we doing to the bolt of the lock? 
Many answers, all with more or less the same meaning, 

ror„rih hack the 

what d certainly sounds simple, but 

what do we mean by the word/w? 
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Notice (i) we tried to move something, (2) the 
thing ^\e accomplished was the movement of some 
thing This leads us to the conclusion that force 
means moving or trying to move something It would 
be quite correct to say that by means of the door-key 
we exerted a force on the bolt of the lock, and ue may 
go further and say that force ts that wlitch produces^ or 
tends to produce^ vioiton xn a body 

How many forces there are m the world it is quite 
impossible to say Let us call to mind a few of them 
There is the force which causes an electric car to move, 
there is the force which keeps a kite flying, there is the 
force which drives a ship, another which floats a ship, 
another which moves the piston of a steam-engine, and 
a force which causes things to fall 
Why do objects fall? Those who have been to 
a circus must have laughed at the foolishness of the 
clown who pretended to hang his hat on a pole where 
there was no peg Of course his hat dropped to the 
ground That is just what we expected, for we ha\e 
learned by experience that things with no support fall 
Now imagine what would happen if at the bottom of 
the circus pole there had been a pit The hat would 
ha\e fallen lower and lower until it reached the bottom 
of the pit Let us ask oursehes what would be the 
result of deepening the pit Would the hat fall to the 
bottom howc\’cr deep the pit might be ? 

Things which ha\c insuflicicnt support fall This is 
a rufe which appfics to the deepest pit m t'tie woriV 
Consider what would happen if a pit could be made 
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straight through the earth, say from England to 
Antipodes Island, and a piece of iron dropped into 
It from here Scientists are of the opinion that m the 
absence of air or other resistance, the iron would move 
towards the earth s centre with increasing speed, but 
after passing this point its speed would decrease as 
It moved towards the other end of the pit From 
Antipodes Island it would return towards England, 
gaming its greatest speed again at the earth’s centre 
If, however, air were present, the piece of iron would 
make shorter and shorter journeys backwards and 
forwards past the earth’s centre until it would come 
to rest at this point We may conclude that all un 
supported objects are drawn towards the earth’s centre 



GRAVITATION 
The opple foils towards the centre 
from evei^ direction 


So, if you throw an 
apple up into the air it 
comes down in a direc- 
tion, which, if continued, 
would pass through the 
centre of the earth 
We speak of this 
effect as gravitation, 
and gravity is the force 
which tends to make all 
bodies move towards the 
earth's centre 


Picture 27 


We must not assume 


that the force of gravity acts with reference to the earth 


only Wherever there is matter there must be gravita- 


tion The greatness of this attraction depends upon the 
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amount of matter m the objects and the distance they 
are apart This is known as the Law of Gravitation 
The same force that causes a stone to fall to the 
earth helps to keep the moon in her orbit and also 
to keep the planets m their paths The knowledge 
of the effect of gravitation led astronomers to discover 
the planet Neptune They had previously noted that 
Uranus was moving in a path they could not satis 
factonly explain. They became convinced that some 
unknown influence was being exerted , they made 
new calculations, and, as a result, further search 
revealed the presence of the planet Neptune 

Near the surface of the earth we are made aware of 
the earth's gravity, because it is so much greater thin 
the gravity of other objects that are near to us If a 
penny is held above the ground the earth attracts the 
penny with much more force than the penny attracts 
the earth , and if we release our hold on the com the 
penny falls to the earth, but to a very, very small 
degree the earth also tends to fall to the penny 

It would be interesting to write down all the uses 
we make of this force of gravity and all the de\ices we 
adopt to overcome its action The subject was investi- 
gated only after the effect of gravitation had been 
known for centuries It is said that a great student 
of science, named Isaac Newton, was one day sitting 
m his mother’s garden when he saw an apple fall from a 
tree He asked himself, *\Vhy does an apple fall?" 
and he did not rest until he had found a satisfactoiy 
answer to his question 



Picture 


by pulling at the bait {Picture 28) Hour glasses with 
grains of sand falling from one globe to another 
{Picture 29), sinkers for hshing lines, portcullis gates 
in old castles plumb lines, clocfk weights, 
ballast for ships, the bucket lowered 
down a well, the cage in a mine shaft, 
and many other useful devices depend 
Upon this important force 

Although the force of gravity is so 
useful to man it is not an unmixed 
blessing for he has had to contrive 
ways and means to counteract its in 
fluence For instance, in building pro 
cesses, pillars are used as supports m order to resist 
gravity Pit props, tunnel supports, bridges, girders, 
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hearings in wheel hubs, tables, chairs, shelves, railway 
sleepers, hooks, pegs, and telegraph poles are examples 
of man’s m\entions to counteract this force 
After what we have said we could hardly imagine 
a world without this force acting, but it is none the less 
true that a few years ago a Frenchman spent much 
time and energy in trying to produce a screen which 
would cut off the effect of this force It goes without 
saying that he did not succeed Probably he saw that 
the disadvantages of such a screen would outweigh any 
advantage that might be gained Can we imagine 
what it would be like to live on our earth without 
this force of gravity? If U were possible to get rrd 
of it we should be able to raise our arms without 
effort, and they would stay at the point to which we 
raised them, very much after the manner of a jointed 
doll We could climb without using a ladder, we 
could throw a ball into the air, and it would go up and 
up for miles and miles and never come down again , 
we should need neither tabic nor chairs, and our tea- 
cups could not fall and break But this is a very 
questionable advantage when we consider that the 
tea could not be poured into the cups, for it would 
not leave the teapot Truly the Mad Hatter’s Tea 
Party, at which Alice was a visitor in Wonderland, 
was 3 sane affair compared to the happenings in a 
world without gravity Of^course, this is only imagi- 
nation, for without the aid of gravity our hearts would 
cease to work , our world would fly off into space, and 
the rest is better imagined than described 
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Further Experiments. 

1 Throw a dart 'vortwally upwards \nto the air Allow it 
to fall and stick in the floor Test the angle the needle of 
the dart makes with the horizontal floor Repeat the 
e-rpenment To what conclusions does this lead youl 

2 Make a target by cutting a hole in a large sheet of 
cardboard Place the target ten feet away, and with a 
peashooter take aim at the centre of the hole Shoot peas, 
and notice irhere they atnke the target Where must the 
tube point if the peas are to go through the hole I Test 
your theory 

3 A bird-cage is to be fixed eight feet above the floor of a 
room Design four methods of support and show how each 
method overcomes the force of gravity 

4 Given two empty match boxes, construct a model mouse- 
trap which depends on gravitation for its action 

5 Arrange a pile of draughtsmen like a pillar. Using 
a piece of cardboard, a button, and a piece of thread, bow 
can the sides of tins pillar bo tested to ensure that they 
are vertical] 

6 By strings attached to a rigid iron bar* hang two 
balls, one of iron and one of pith Arrange that their 
centres are in the same horizontal line and tho surfaces 
separated about half an inch Set the iron ball swinging so 

^ that it does not strike the pith boll Observe what happens 
to the pith hall and explain the result 
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6. Why Things Are Heavy. 

If we were asked whether we would prefer to carry 
up a steep hill a sack full of wood shavings, or a 
Similar sack filled with iron turnings, most of us would 
select the sack of shavings for our load If we had 
to give a reason for our choice we should say it was 
because of the difference in weight This is a very 
sane reason, for no one but a professional "strong 
man” would be keen to carry great masses, and even 
he might not do so unless, perhaps, compelled by 
circumstances 

When we try to lift an object there is always a tug» 
of war between our strength and the pull of the earth, 
or gravity, as we have learned to call this force 
Sometimes we easily win w this tug-of war, as, for 
instance, when we lift a feather from the floor, but 
at other times we lose rather badly, as is the case 
when we try to lift a large bag of coal 

In a boys’ tug-of-war the victory goes to the side 
which pulls the flag on the rope towards it, and in 
the tug of-war, Earth versus Self, the victory may be 
said to go to that side to which the object moves 

When we have been engaged in a tug of war we are 
always ready to “explain” the result whether our side 
has won or lost Let us try to explain the result in 
the tug of-war against gravity If we are on the 
winning side we say that* the body we pulled had 
not much weight, and, on the contrary, if we failed 
in our effort we explain the situation by pointing out 
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the tremendous weight of the object All this means 
that we are measuring the greatness of the pull of 
gravity and calling it weight 

Every boy knows that there are devices which count 
in a tug of war such as having the heaviest man at 
the end of the rope Let us try to make our victory 
against gravity surer by adopting a little device We 
have seen how gravity pulls everything towards the 
earth s centre It is also found that outside the earth’s 
surface the nearer the body is to this central spot the 
greater is the earth s pull on it Equally certain is it 
that the farther the body is from the centre of the 
Mrth, the less is the force of gravity exerted on it 
Here then is the clue to an arrangement by which we 
may score a point against gravity The pull of gravity 
IS wea er on the top of a very high mountain or up in 
an aeroplane than it is on the same object at the seaside 
If we can arrange, therefore, to have our tug of war 
against gravity at a great height above sea level we 
S a ave a better chance of winning, for we shall 
ave less weight to overcome Were the earth all of the 
me ensity which it is not — and were we to compete 
down ,n a deep mine, the attraction of the earth’s crust 
above us would reduce the effect of gravity by acting 
advam direction, and so we would gam an 

t us make a strict condition for our tug of war 
i-et us bind ourselves to pull against gravity always 
at sea level It would appear that m doing so we 
are ru mg out all chance of gaining advantage for 
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ourselves , but there is still opportunity for us to 
benefit by selecting a suitable position At school 
we have often seen maps of the world drawn on the 
surfaces of globes, and we have learned that the 
shape of our earth is spherical This, however, is not 
strictly correct, for the earth bulges a little at the 
equator, and has a more flattened shape at the poles 
Because of this variation from the form of a true 
sphere, some points on the earth s surface are nearer 
to the centre of the earth than others, and because 
of this the force of gravity varies at different places 
If we compete against gravity at the equator, the pull 
we have to overcome is less than if the competition 
takes place near the North or South Pole The 
advantage we gam by this means is not very great, 
for at the most liberal estimate it would mean a 
reduction of not more than of the weight of the 
object concerned 

E\ery object on the earth, in the seas, and m the 
sky must have some weight, no matter how small or 
how large it may be This is because the earth 
attracts all objects, from the smallest speck of dust 
to the heaviest boulder, and this pull is always in the 
direction towards the earth’s centre The only particle 
of matter of which the earth is composed which could 
be said to possess no weight would be some infinitely 
minute speck when situate^ at the earth’s centre 

Mr H G Wells tells a story of an imaginary Mr 
Pyecraft, who was ven* fat, and who took medicine 
made from a Hindu r^ape in order to cause ioss of 

WAU — D 
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weight The result was startling He floated like a 
gas filled bladder Had it not been for the ceiling 
he could not have remained in the room His friend 
helped him to get under a solid mahogany table, and 
this enabled him to keep on the floor Had he gone 
outside he would have had no need for an aeroplane ' 
What was he to do ? His friend suggested that he 
should have his meals on the top of the bookcase! 
At last It was arranged that he should wear lead 
underclothing and lead soled boots , lead discs were 
sewn inside his clothes, and he carried a bag of solid 
lead Of course all this is imaginary But it would 
be a dreadful thing to lose one s weight, 
would it not? 

We can devise means to measure the 
weight of a body, i « , to find how much 
It 18 pulled towards the centre of the 
earth by this wonderful force of gravity 
One of the simplest means ib to take a 
piece of India rubber, such as boys use 
for catapults, about two feet of wire the 
hd of a coffee tin, some thread, a nail 
or two, 3 pm, and a strip of plasterer’s 
lath With the nail we punch a few 
holes m the rim of the tin, and, using 
the wire, we convert the lid into a 
kind of hanging basket This we tie 
securely to one end of tfce rubber, and fix the free 
end of the rubber to a ^^M^Ptcture 30) The pm 
IS now pushed through the ruHoer, so that it projects 
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as an indicator against the piece of lath, which we fix 
upright by the side of the rubber Having marked 
the lath at the place where the pm is pointing we 
are ready to begin weighing We borrow from the 
kitchen a pound weight, te, a lump of iron which is 
attracted to the earth’s centre by gravity with a pull 
we have decided to call one pound This iron 
weight, when placed in the lid, causes the rubber to 
stretch, and the position of the pm is again recorded 
on the lath, and labelled i lb We can now remove 
the weight, and the pm will move back to its original 
position If we repeat the weighing, using a half 
pound weight, we find that the pin now stands half* 
way between the first mark and the i Ib mark It 
readily occurs to us that, if we divide each of these 
two equal spaces into eight equal parts, each of these 
small parts wilt represent an ounce weight We are 
now able to use our arrangement to find the weight 
of objects* not greater than one pound From the 
garden we select a stone whose weight we wish to 
determine If we place it in the hd, the earth’s pull 
will be registered by the position to which the pm 
moves For instance, if the pm stops at the twelfth 
mark down the scale, counting the first as zero, we 
are safe in concluding that its iveight is twelve ounces 
Other loads m the lid cause different extensions of 
the rubber up to a certain point, beyond which the 
elastic band becomes jftrained Until this point is 
reached the ratio of -^e weight to the extension it 
causes is always thc;^ame 
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The principle upon which this method of deter- 
mining weight IS based is known as Hooke’s Law, 
because Hooke was the man who discovered it 
Hooke was a poor scientist who experimented for a 
long time in order to prove the truth of this law 
He used many different substances in place of india- 
rubber, which did not give very good results after a 
few weeks The mdia-rubber lost its elasticity and 
became worn out The best results were obtained 
by using a spiral spring of steel Let us substitute 
for the rubber of our previous experiment one of the 
spiral spring arm-bands sold by gentlemen’s outfitters 



Now sve have a contrivance by which 
we may measure accurately for many 
months the weight of articles like 
letters and books 
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There are other means of ascertaining weight which 
do not depend upon springs but upon levers Some 
of these are constructed so carefully that the smallest 
object may be \\eighed very accurately We shall 
consider these later 


FurtKer Experiments 

1 Place a string over the smooth backs of two chairs 
arranged near to each otbei On each end of the string 
hang an empty coffee tin, so that the string is stretched 
At the mid point of the string attach a paper pointer Add 
SIX marbles to one side Which way does the pointer move? 
2fow add ten marbles to the other side and eixplain the 
differeaco you observe 

2 Take a portion of a clock spring bent almost into a 
circle Full the ends apart Wliat relation holds between 
the distance the ends are apart and the strength of your 
pull? Could you use such a spnog to make a Spnng 
Balance } 

3 Nail a light wooden lath so that it projects over a shelf 
and has its free end near a vertical ruler Place various 
weights separately on the free end Record your obser- 
vations and explain them 

4 Nail two upholsterer's springs between two boards 
Measure the distance between the boards Put the hoards 
flat on a stool and sit on the upper board Again measure 
the distance What has happened? What do you expect 
■would be the effect of an adult sitting on the board? Test 
your theory 

5 Hang various wcights^de after another, on the bottom 
of a spring roller blind Measure the distance each weight 
draws down the blind ^ang a stone on the blind What 
13 its weight? 
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6 Fu a fishing rod upright in the ground Tie a canister 
on the end of the line Load the canister with marbles, one 
at a tune "What happens to the rod 1 Ask a friend to place 
in the canister some marbles of which jou do not know the 
number Can you calculate this unknown numbei i 

7 Release the lid of a ‘ Jack in a box " What happens ? 
Whyl Fmd, by experiment, the least weight which, when 
placed on the lid, will keep it closed 

8 Make a light spring by wrapping thin copper wire in 
close coils lound a cylindrical pencil and then removing the 
pencil Use this spring to construct a spring balance 
suitable for weighing letters 

9 Suspend three similar mdia rubber bands of equal length 
from a horizontal shelf Attach bools to their lower ends, 
and hang suitable equal weights from the hooks Wlnt do 
you observe with, regard to the lengths of the india rubber 
bands 1 Repeat tiie experiment, sulwtituting a cotton string 
for OQ 0 of the bands What inference may be drawn from 
your observation! 
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Why IS the handle of a cup or a jug or a teapot 
fastened to the side of the utensil, whereas in the case 
of a bucket the handle is so placed that it may be 
raised above the level of the liquid contained m the 
bucket ? Of course, the handle of the backet enables 
us to pull upwards dtrcctly against gravity We find 
such a position necessary to enable us to raise the 
bucket and its contents with comfort We can grip 
the handle of a cup of milk, a jug of coffee, or a pot 
full of tea, and, in this position, we can counteract the 
force of gravity easily because the weight is compara 
tively small — smaller than, say, the weight of a two- 
gallon bucket full of water 

Consider the case of a bucket filled with water which 
we wish to raise so that the water surface does not 
vary too much during the raising We know that the 
water in the bucket is made up of a \ery great number 
of drops, and that the bucket too consists of innumer- 
able particles Each of these particles is attracted to 
the earth by the force we call gravity Although these 
forces are so many in number it is found that there 
is one fixed point where the total weight of the bucket 
and the water acts This is equivalent to saying that 
all the forces acting on the bucket and its contents 
have the same effect s/one force would have when 
-jfi. “^rris irarcicif^ iranfc \iiii 'os 'cry 'co -dfrarura 
exactly ivhere this p«/jnt is situated That is to say, 
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where is the point at which we must use our force 
when we wish to raise the bucket ? 

Before answering this question let us find answers to 
two other questions Tirst, if we wished to raise a disc 
by means of a piece of string, and at the same time 
keep the disc homonta) all the time — just as we keep 
the water surface honrontal in the bucket — at what 
point should ue bore the hole through which we should 
pass the string and knot it ? The answer is through 
the centre of the circle 

Second if we had a sheet of metal m the form of a 
rectangle, or a triangle, or any regular figure instead of 
a disc, which point should rve find through which to 
pass the string ? The answer is as before through 
the middle point 

Now let us return to the question as to the e^act 
point at which we must use our force in order to raise 
a bucket filled with water It is evidently in a line 
perpendicular to the centre of the bottom of the bucket 
This tells us that the point where the total weight acts 
is somewhere along this line The exact position is 
higher or lower according to the amount of water in 
the bucket 

Scientists call this point the centre of gravity , and 
they tell us that every object on the earth has such a 
point It has been found that the centre of gravity 
is a fixed point, which can only be altered in position 
by altering the form of the object This explains why 
the centre of gravity of a bu^et of water varies with 
the amount of the water 
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We have seen that the centre of gravity of regular 
plates IS always the mid point, and because of this it 
may be determined by geometry In the case 
irregular figures this method cannot be applied so 
easily, and the centre of gravity is best ^ 

experiment Cut out of cardboard an 
shaped piece of which the centre of gravi y is o be 
detLined Prepare also a P- f™"- 

hangs a heavy button by means of ^ 

Push the pm through the card near to the edg 
Now arrange to support the card so ^ 

easily, and also so that the thread rests close up 
the face of the card 
(Picture 33) Using 
a ruler, trace a line 
on the card where 
the thread touches 
It Now change the 
point of ’support, as 
shown in the picture, 

and again trace the P,cturo S 3 

directmncfthethread 

on the cardboard 1 he two therefore 

through the centre of gravity, w 1 , 55^, 

be situated at the point '«*•»- *0 Im-nmrse^^ 

If „e can arrange " VVe can easily 

centre of gravity, it will Man cardboard 

piove this by placing f cf c 

Lth Its centre of gr_W rordinary 

needle Perform a similar expenment w ith 
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postcard having determined its centre of gravity by 
drawing its diagonals Does it balance ? Yes, be- 
cause its centre of gravity is also its geometrical 
centre This explains why the knob is always placed 
at the centre of a pan hd and why a wheel will balance 
at Its hub 

We can see that it will be impossible to support 
every object just at its centre of gravity For example, 
we cannot support a block of wood, nor a bucket of 
water, nor a wedding ring at its centre of gravity 
Such objects will balance only when they are sup 
ported at a point on the imaginary line joining the 
centre of graiity to the earth’s centre This is by 
no means an easy task, for the slightest disturbance 
will destroy this balance, as every boy who has tried 
to support a walking stick upright on his chin can 
understand 

Take a child s tin 
trumpet, and try to make 
It stand upright with the 
mouthpiece touching the 
table top It IS not easy 
to do this Most of us 
fail in the attempt But 
if we invert the trumpet, 
the task is as easy as 
?.otar.34 canbe(/’,rf«r04) Why 

this ? We say that 
the trumpet now rests on a ^ide base and thus it 
remains quite stable Now, whiki- ths tnimnet is 
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standing m th.s pos.tinn give .t “f'f' 
mouthpiece Even this does not disturb its balance 
;rmaLnt.y Noiv press at the ntouthpmce gently 
with the finger, either to the right or to the J ^ d 
notice exactly how far it has to be moved before the 
rrpet CLs over .five do 

see that the trumpet falls over when *= “S J 
line-from its centre of gravity to the earths centre 

nr lable and no 

,r.rrted:det.y.^™^— ^ 

the trumpet is then said 
This fact explains why the Pyr 

fall why a milk ^ ^ ™ ^ chimney 

bottom and narrow at the “P' ' ^ „„j,c 

IS tapered upwards, why a ca 
stick than resting directly on a f 
steeple always rests on a broad 
Many httle experiments can be 
trate this principle We «" P”* „bic, and 

the blade projecting J ting on the 

.t will remain steady ^ gravity 

table top But when « P'““ ft,t ,„stance, 

away from the support o o ■ 
when we place the blade only o 

falls We can easily blow a sms tt, though we 

stands upright resting 'landing upright on 

blow against it in vain ,«en it is stan 

C IJ .here IS a chutch spire 
In the town of Chesterfield there 
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postcard having determined its centre of gravity by 
drawing its diagonals Does it balance ? Yes be 
cause Its centre of gravity is also its geometrical 
centre This explains why the knob is always placed 
at the centre of a pan hd and why a wheel will balance 
at Its hub 

We can see that it will be impossible to support 
every object just at its centre of gravity For example 
we cannot support a block of wood, nor a bucket of 
water, nor a wedding ring at its centre of gravity 
Such objects will balance only when they are sup 
ported at a point on the imaginary line joining the 
centre of gravity to the earths centre This is by 
no means an easy task for the slightest disturbance 
will destroy this balance, as every boy who has tried 
to support a walking stick upright on his chin can 
understand 

Take a child s tin 
trumpet, and tn/ to make 
It stand upright with the 
mouthpiece touching the 
table top It 15 not easy 
to do this Most of us 
fail in the attempt But 
if we invert the trumpet, 
the task is as easy as 
PicluroM ranb=(/>,rfu«34) Why 

this ? We say that 
the trumpet now rests on a wide base and thus it 
remains quite stable Now, whilst the trumpet is 
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standing tn this position give it “ ^ 

mouthpiece Even this does not disturb its balance 

permanently Now press at the f 

Ulth the linger, either to the right or to e ^ 
notice exactly how far it has to be , 

trumpet topples over If we do this carefully we shall 
sTthat th! trumpet falls over when ‘he 
line-from its centre of gravity to the earths centre 

falls just outside the supporting base 

When the trumpet stands on the 
pressure is exerted sideways it will not -" J 

L trumpet is then said to be ^ ^ “’T:, 

This fact explains why the Pyramids K P 
fall why a milk can sent by rail is ma e 
bottom and narrow at the top why “ jjj 

IS tapered upwards why a candle is -J- ^ VcTil 
Stick than resting directl) on a shelf a > 
steeple always rests on a broad ,„es 

Many httle experiments can be with 

trite this principle We can place a 
the blade projecting over the edge 
,t will remain steady if the handle S 

table top But when we place th ,„s,ancc, 

away from the support of the tatiic 
when we place the blade only on the 

falls W c can easily blow n small ajtjiough we 

stands upright resting 


I 

n 


„,„ow neck, although we 

U It IS =“‘"‘>“’8 


blow against it in ^aln 

church spire 

In the town of Chesterfie^'J there 
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which leans about seven feet to the south and four 
feet to the west {Picture 35) 

The people of Chesterfield were 
once very anxious about the 
safety of this crooked spire, uhich 
certainly appears dangerous to 
the passers by Their fears were 
allayed by a clever architect, who 
calculated where the centre oi 
gravity of the slanting spire was 
situated, and showed that it was 
vertically above the foundations 
It will remain quite safe therefore 
until something further happens 
to move the 
centre of 
gravity out- ^ 
side its base 

of support Pictuip 33 

The famous Tower of Pisa is 
another example of how a leaning 
building IS quite stable if its 
centre of gravity is above and 
within Its base {Picture 36) We 
must not assume that an object 
can stand erect only when it rests 
on a great part of its own surface 
In the'^se of chairs and tables 

Picture 3G 

in a room, only four points rest 
on the ground . but the objects are stable whilst the 
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centre of gravity is always vertically above the area 
which uould be traced out bylines joining these points 
This IS why three very 
slender legs of a camera 
tripod, or three stout staves 
joined at the top and ar 
ranged as a tripod, will bear 
a great weight (Picture 37) 

This also gives us a reason 
for the stability of a three 
legged stool When we 
ourselves stand up with our 
feet together, the centre of 
gravity of our body must be 
above the area enclosed by 
a line drawn round our 
feet If we stand with our 
left shoulder and left foot 
against a* vertical wall, we cannot raise our right foot 
sideways so long as our left foot and shoulder keep in 
position Try this and then search for the explanation 
Consider the case of an empty four wheeled cab on 
a level road If it stands upright, the vertical tine 
through its centre of gravity must fall uithin a line 
traced round the points where its wheels rest on the 
ground {Picture 38) When heavy luggage is placed 
on the roof, the centre of grawty is raised If the cab 
now runs on a sloping foad, a slight jerk may easil> 

* upset it, by causing the centre of gravity to fall outside 
the area of support. Loading the inside of the vehicle 



TTie centre orgravityalteringaecerd ngto differences In petition ofload. 
Picture 38 

road the cab will now be more stable, because a greater 
disturbance is necessary to bring the centre of gravity 
outside the area of support 
The raising or lowering of the centre of gravity by 
the loading of an object alters the balancing point 
We have learned how to stand up straight and keep 
the centre of gravity of 6ur bodies 
above the base of support We 
learned this, without knowing we 
were doing so, when we were quite 
babies Later in our lives, when 
we began to carry heavy things, 
we found also that we had to lean 
away from the side on which we 
carried the weight to keep the 
new centre of gravity above and 
within the base {Picture 39) Did 
the load we carried raise or loner our centre of gravity ? 



Picture 39 
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We can take advantage of the alteraUcn of the 
centre of gravity by loading an 
object to make some very amus- 
ing toys For example, we may 
undertake to balance an ordinary 
blacklead pencil, point doivn- 
wards,on our finger tips, although 
our friends may try to do so in 
vain The secret is that we must 
stick two half open pocket knives 
into the pencil, and this brings 
the centre of gravity of the 
combination below the point of 
support, thus keeping the pencil 
upright (Picture 40) 

A similar reason explains how a u.... 
to stand upright on two legs an m 

to bow to an audience to oo 
require a small doll, having legs without 

■■-“SSrl: 

rectangle and drive o 

other end of the w 1 
or a heavy block of w ^ 

now balance ^ Jd ,f „o 

placed near *e edge 

disturb Jt slightly > P position 

rictura 41 ,t returns with a sw g 

again, so that It appears to be bowing to the P 


Picture 41) 

1 doll may be made 
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It IS said that Columbus succeeded in balancing an 
egg on its narrow end — but he flattened this end by 
tapping It on the table and cracking the shell It is 
almost an impossible feat, if it is to be done with an 
ordinary egg and the shell is to remain unbroken 
Still, ue can make for ourselves an egg which will 
easily balance on its narroi^ end on almost any surface 
Thus pierce two small holes in the shell, one at each 
extremity, and then remove the contents by blowing 
Now seal up the narrow end vvith a httle plaster of 
Pans, and, when quite dry, pour into the egg through 
the other hole a mixture of sealing.wax powder and 



lead filings Hold the egg upright, and 
bring the mixture to the dosed end of 
the shell Then, warm this closed end 
over a lighted gas jet and the wax 
will melt On cooling, the lead and 
wax will become solid within the 
narrow end of the egg, and the centre 
of gravity is now at a point very near 
to this end On sealing up the wide 
end wc find that the egg will stand 
in an upright position on its narrow 
end (Picture 42) In fact, it will be 


found difficult to make it take up any other position ! 

We can amuse and, perhaps, mystify our friends by 
showing them a cardboard bottle shaped tube, which 
will he quite horizontally dri the palm of our hand. 


but which they probably cannot bring to rest in any 
but an upright position on tketr hands We must 
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prepare a smaJit cardboard tube, and close it at one 
end with sealing wax powder and lead m the same 
way as we previously prepared the egg It is advisable 



to make this end as 
wide as possible and to 
round it off {Ptcture 
43) This tube will now 
stand upright, and will 
refuse to remain in any 
other position But, 
when we take hold of 
the tube we secretly slip a heavy brass nail or piece 
of wire into the open end — thus altering the position 
of the centre of gravity— and the tube now lies hori 
aontally on our hand We must take care to withdraw 
the nail without being seen before we offer the tube 
for the attempts of our friends 


Cardboord boltlf 


SoHle i>{<ns <{cwn lhrtK/3)i 
pw^nc* Pf p (cr of wir?. 


g VMK'fii 

Picture 43 



do this if the man on the rope 
VfA n — r 


At country fairs 
men often give ex 
hibitions of skill in 
walking on a tight 
rope It IS a very 
difhcult feat, because 
the performer has to 
keep hts centre of 
gravity vertically 
above a very narrow 
base It would be 
almost impossible to 
did not use a long. 
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heavy pole, which he can move about so as to adjust 
the centre of gravity whenever he feels himself about to 
overbalance We can balance a doll on a clothes line 
by the same method, thus Push a semicircular wire 
right through the body of the doll and weight each 
end of the wire with lead {Picture 44) Many variations 
of this trick are possible For instance 
we may cut out the shape of a parrot 
from cardboard in such a way that the 
point of Its tail will lie in a vertical line 
drawn downwards from its head {Picture 
45) Then the parrot will perch on a 
string, or a rod, or a finger quite easily 
There is an infinite number of bodies 
around us Some of these are stand- 
ing quite firmly and others are not 
Remember that the inquiring mind is 
always searching for the why and the 
how It IS interesting to make sketches 
of various objects, and then to estimate 
the position of the centre of gravity Try this with 
a chair, a table, a pen, and so on, and each time test 
your estimate ds far as you can 
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Further Experiments. 

1 Four horses are necessary to pull a heavy plough 
Design a method of yoking them $o that each horse does 
an equal share of the pullmg 

2. Stand twenty dominoes on their narrow end at inteivals 
of one inch Push the top of one of the end dominoes towards 
the next one Explain what happens 

3 Take a comb with teeth of equal size On which tooth 
or teeth will the comb balance, and why? 

4 How may a florin be held upright between the points 
of two pins? Plow on the com “What happens? 

0 Attach a metal button to one end of a semicircular 
wire, and wrap the other end around a match liesd Place 
the other end of the match on the top of the finger Bepeat 
the experiment without the button How do you account 
for the difference 1 

6 Obtain a pear shaped object, such as ladies sometimes 
use when darmng the heels of stockings Hold it upright 
on its narrow end on a table Belease it and observe what 
happens Bepeat the expetiroent after standing it on its 
wide end Explain your observations 

7 Blow out the interior of an egg and introduce two or 
three thimblefuls of fine sand into the shell Seal both ends 
of the egg with wax. Show how the shell may be made to 
stand in any desired position How may we make quite 
sure of this? 
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8 How a Locomotive Takes Up 
Water Without Stopping. 

Have you ever heard the story told by Hans 
Andersen about the dolls in a play bo's waking up 
in the middle of the night to hold a dance on the 
nursery floor? Of course, this is only a fairy tale It 
amuses us, because it seems so impossible and so 
ridiculous We know by experience that playthings 
cannot move of their own accord, and that, once they 
are pul in a certain place they stay there until some* 
thing happens to move them All inanimate objects, 
that IS, all lifeless objects, stay just where they are 
placed, wherever it is, until something outside of 
themselves disturbs them What name shall we give 
to this property which they possess? ' 

Let us use a word which is often applied to lazy 
people who refuse to work unless forced Such people 
are said to suffer from inertia — a word which will suit 
us very well to describe this property of lifeless things 
when thej are undisturbed We may say that the 
inertia of an object causes it to continue in a state of 
rest unless it is acted upon by some force 

This has been common knowledge since the begin 
nmg of man’s life on the earth, but it was not until 
Isaac Newton began to ask, “How and Wh> ?' that 
the fact was stated 



How a Locomotive Takes Up Water 69 

When we leave a piece of paper on the table we 
expect to find it still m the same place, even after we 
have left it for hours If we return to the table and 
find It m a different position we conclude that some 
one has disturbed it, or that the wind has blown it 
In any case, its inertia must have been overcome by 
a force 

Let us consider another example of how inertia 
comes into operation — one which is not quite so 
obvious as the example we have given of the piece 
of paper Balance a smooth postcard on the knuckles 
of the hand so that it rests horizontally Now place 
a penny on the card just above the point of balance 
It seems almost impossible to remove the card luthout 
disturbing the com But it is not a very difficult feat 
to perform Give 
the postcard a 
smart horizontal 
flick with A. finger 
of the other hand 
{Picture 46) The 
card glides away 
and the penny 
remains behind, 
balanced on the 
knuckles What has happened? A force has been 
exerted on the postcard to cause it to move, but the 
pennx- hy its inerti^. lends to remain at rest and is 
thus left behind, balanced on the knuckles 

In the same way, when a hard ball supporting a 
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pile of coppers is placed within a circle, which has a 
diameter rather larger than that of the ball, we may 
force the ball to move by striking it with a similar 
ball rolled against it But the force of the impact 
does not overcome 
the nertia of the 
coins, which will 
always drop within 
the circle They may 
Picture 47 roll away after drop 

ping — but that is another matter — they drop first 
within the circle 



Another similar device is to balance a pile of six 
pennies on one elbow, having the wrist resting against 
the shoulder, and then, by smartly dropping the wrist, 
all the pennies may be caught m the palm of the hand 
{Picture 47) It is because of inertia that a dog, by 
jerking its head back sharply, can catch m its mouth 


a lump of sugar which it has held 
on the tip of its nose {Picture 48) 
Perhaps we all know many other 
similar phenomena which depend 
upon inertia 

Why is It that a heavy carpet 
hung from a line IS almost stationary, 
e\cn though we give it many hard 
blows with the carpet beater? It 
IS due to inertia that a curtain of 



licture 4S 


weighted strings protects a person standing a foot 
or so behind it, when another person, armed with 
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a walking stick, strikes from the opposite side of the 

"iT'is said that the following feat was once perfo^ed 
before King William I A strong iron bar was hung 
by strings looped 
over two swords held 
horizon tally 
49) A smart blow 
with an ash rod was 
struck at the middle 
point of the iron 
bar. which broke in ^ lronB«r> 

pieces, and >et the to 

string was not cut broken by an ash 

by either sword A strong iron 'rroke'i y 
r^d 1 Yes, because by its inertia the ir n bar, wh. ^ 
rvas quite at rest, did not move as a t 
quentiy it fractured at the point where tn 

^’’?be^„;rtla of things is sometimes ve. conren.^t 

foe us The farmer, when ,„stead 

to cause the 'f'^ing machine, 

of following the line of motion of th ^ 

Because of the inertia of the cream P 

milk, the dairymaid can skim it off ve^ 
labourer is able to shovel up the coa ^ 
themselves resist moving and 
pass under them easily A 
the action of the grocer's scoop m 
nmCSSfvbncklayer’s trowel in mortal 



72 


How a Locomotive Takes Up Water 

Inertia is used to enable a locomotive, whilst it is m 
motion, to feed itself with water Water is held in 
long, narrow tanks between the rails, and as the engine 
approaches the tank the engine driver lowers a pipe 
connected with the water tank of the engine This pipe 
dips down just below the water surface in tlie tank, 
and it IS thus pushed 
through the water which 
tends to remain station- 
ary As the pipe rushes 
along at a great speed 
the water is piled up ” 
the pipe until it is dis 
charged into the water- 
tank {Picture 50) This 
has been an important 
invention in the history 
of railways, because it 
has made possible long 
non stop runs for engines of great capacity 

Although the railway companies make such good 
use of inertia in this way, they find that inertia is at 
times a very great disadvantage to them Two very 
simple experiments will show us why this is so 
First Hang a heavy object, say a bucket of sand, 
from a cord or chain, and then tie a length of cotton 
thread to the ear of the bucket (/>«/», e 51) A sharp 
pull at the thread docs not disturb the bucket but it 
breaks the thread instead Whj is this? Second 
Take hold of the handle of a garden roller and pull 
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J,or,zor.taUy We find that the hardest 
be done when we are trying to start the ro 
reason is that, be 
sides the ordinary 
pull necessary to 
move the roller, we 
have to use extra 
energy to overcome 
Its inertia 

In the case of a 

:::2ic:~,sthonsa„dsor.,niesgr.^.h. 

in the case of the garden roller This 
entra force necessary to start a locomotive J 
times greater When the engine driver ' 

his engine, he must therefore burn more coal to in 
crease the steam than he finds 

L=rer:rgrinert,amanyt,m^^^^^^^^^^^ 

the day affects the cost of the upkeep o ^ f 

Think out how this applies to the — 

ourtowns -d out the reasons why th^^ 


Picture 51 


stopping places for the trams — - streets? 

other difficulties which we see occurri g 
Yes, It explains why the driver tte cart 

,o urge the animal to 6'“'" ,s moving it 

than to keep it in motion ^ ,„efully 

tends to keep on moving If we 
then we see that this when 

which we call inertia is two sided. 
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matter is at rest it tends to remain for ever at rest, and. 
(ii) when matter is in motion it tends to remain for 
ever in motion One phase of this property is known 
as inertia of rest and the other inertia of motion 
We have considered the former and we now proceed 
to consider the latter 


Further Elxperiments. 

1 Make a pilo of eix draughtsmen btnke horizontally 
the one next to the bottom of the pile Uow do tho others 
drop, and whyt 

2 Stand a disc of cardboard on the neck of a wido- 
mouthed bottle Having placed a coin on tho top of the 
due, remove the disc bj a smart horizontal stroke Where 
does the penny fall 1 hat is the cause of this 1 

3 Place a revolving egg beater in a vessel of water Turn 
tho handle once or twice Whicli turn of tho handle is most 
difficult to maket 

4 Place a button on the back of the hand Turn the 
hand rapidly Where does the button fall ? Whj is tins 1 

6 Race a pile of glazed cards on a table, allowing one card 
near the bottom of tho pock to project slightly In vhat 
manner should this card be withdrawn so as not to disturb 
the symmetry of the pack T Why I 
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9 . Why a Tram-Car Keeps to the 
Lines. 

Sktm a fiat piece of wood along the footpath, just as 
a girl does when playing hop scotch After moving a 
short distance it stops and lies quite at rest Now, 
skim the same piece of wood with the same force along 
the surface of the ice on a pond Before coming to a 
stop this time the piece of wood travels a greater 
distance than it did on the road From this ne con 
elude that the roughness of the surface on which the 
^^ood IS skimmed has an effect on the distance it 
travels If we were to make the surface still smoother, 
the wood would travel farther again Why ? Because 
should then have made the resistance to its motion 
stil! less No one has yet succeeded in getting nd of 
all resistahce , if such a thing were possible we should 
be able to make a machine which would run for ever 
without stopping or slowing down 

Although perpetual motion has not been made 
possible, it IS found that when once a thing is m motion 
it continues to move until one or more forces act 
against it and finally stop it This statement was first 
made by Isaac Nevston, who explained inertia of rest, 
and he summed up the fact by saying that the inability 
iTiT ft? sftsp" /ftrcTwrr mwftvav « "t-r* 

of motion. 

When a boy tries to dismount for the first time from 
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a moving tram car he is apt to fall forward on his face, 
because his body partakes of the motion of the car 
Even though his feet may have been brought to rest 
suddenly, the other parts of his body continue to move 
for a fraction of a second with the speed of the car 
This we say is due to inertia of motion, for it is obvious 
that during this moment of time his body can neither 
stop nor slow down its own motion We can under- 
stand now why the car conductor leans backwards 
when he steps from the moving car He has learnt 
by experience that the upper part of his body will be 
earned by its inertia from its sloping position into a 
position above his feet and then he can stand upright 
We see inertia m operation on the switchback rail 
way {Picture 52 ) After the car has finished running 



Pictore 52 


down the incline its motion Is continued by its inertia, 
and this 15 sufficient to carry it to the top of the next 
crest If we roll a small marble down the inside of a 
basin we sec the influence of inertia, for the marble 
rolls from one side to another several times before 
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.t comes to rest .r. the bottom of the basm Th.s 
case .s very s.m.lar to that of a clock pendolum, the 
force of gravity causes it to 
move to the bottom of its 
swing, but Its inertia carries 
It beyond this point The 
action of a garden swing 
{Picture 53) a rocking horse, 
a cradle, or a swing door 

are further examples of the 

, . Picture 5J 

influence of the merti'i ot 

Treat use is made of this by workmen 
motion Oreat use is ms , 

The blacksmith could not flatten out a ' “P ^ " 

hot iron If he were simply to press i " » ^ 

of his hammer, but when he swings 

brings It down smartly on the hot metal 'h' 

er^le to Its inertia readily flattens the hca =d 

lump The mechanic finds that it is easmr to use a 

hammer af kept in continual motion, and the 

man who beds the stone sets in the ™ 

his "dumper” swinging all the time h' 

The labourer fills his shovel with coals a g ^ 

a swing in the direction he ^ J 

sharp jeA stops *= jh^l, u 

off to the required place me 

nozzle of the hose pipe „f the moving 

send a spray of water, and th 

water cames it in this ireci ^ 

pipe When water is being uji^ery spout, 

bucket IS not placed just under the deliiery 
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but a little forward {Picture 54) at the place to which 
the inertia will carry the water Dredgers and grain 
elevators deliver their material 
by means of inertia of motion 
{Picture 55) Of course the 
path taken by the material 
will be modified by gravity 
We can make a long list 
of examples of inertia of 
motion which are seen at 
home The sprinkling effect, 
when a pepper duster or 
vinegar bottle is used, de 
Picture 64 pends upon this The dis 

tances traversed by piano hammers or typewnter arms 
when compared with the small depression of the keys 
are further examples We can also include in our list 
the dropping of ink by a shake of the pen A can 
of paint is difficult to stir until all the particles in it 
have been given a whirl cl . , 
ing motion, when inertia 
keeps them moving, and 
the stirring proceeds 
easily 

The inertia of an 
object in motion is of 
great advantage to Picture 65 

engine constructors The fly wheel of the engine 
keeps up an even motion between the strokes 
of the piston This explains, too, uhy most single 
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cylinder motor-cycles are fitted mth a fly-wheel On 
the other hand, conveyances are fitted with brakes to 
overcome this inertia, and so prevent the vehicle from 
over running itself 

A tram car follows the straight track laid down for 
It and keeps to the lines, because it would need a 
tremendous force to overcome its inertia and start it 
on a new path If the direction of the tram cars 
motion has to be changed, it must be done gradually 
by a bend in the track which is not too sudden, and 
the driver must be careful to slow down the car as it 
takes the bend If we examine a tramway track where 
such a bend occurs, we can see by the wearing of 
the metal, that there has been much resistance to 
the change of direction Why is it that the tram car 
IS more liable to jump the rails at the points than 
It IS on the straight run ? 

Some years ago m the town of Mossley, near 
Manchester, a tram car was proceeding down a long 
steep hill, at the foot of which the track turns sharply 
to the left over a railway bridge The car began its 
descent at the normal rate but it quickly gathered 
speed The driver attempted to check its career by 
means of the brakes Imagine his dismay when he 
found his efforts futile The brakes refused to act 
By its inertia the car followed the track all along the 
straight length As it approached the bend the driver 
made a last unsuccessful effort to check its speed 
At the first deviation from the straight path the car 
was carried by inertia off the rails and forward in the 
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same direction as before It crashed through a stone 
wall and was wrecked 

When we see in the circus an acrobat flying from 
one trapeze to another we are witnessing a novel 
application of inertia of motion The gymnast could 
not take a direct leap from one trapeze to the next, 
but, by working up a swinging motion on one trapeze 
he guns enough inertia to carry him through the air 
safely to the next trapeze 

Several toys with which we are 
familiar depend upon inertia of 
motion Many toy shops sell the 
“cap banger” {Picture 56 ), a little 
toy consisting of two pieces of 
iron resting together so that a 
small percussion cip can be placed 
between them The lower piece 
IS a hemisphere and the upper 
piece a cone They are bound 
together loosely by a loop of 
string, which is left long at one end so that it can 
be held in the hand Whilst still holding the string 
a cap IS placed between the two pieces of iron and the 
weighted end is dropped quickly to the floor, and there 
the bottom part of the cap banger stops The upper 
part, however, continues to drop for a fraction of a 
second longer and stnkes the cap, which goes off with 
a loud bang We can improvise a cap banger by 
placing the head of a match in the barrel of a key 
and pushing a round nail gently into the barrel 
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{Picture 57) If this is now dropped so that the nail 
strikes the ground first inertia comes into 
play, as before, and the match-head fires 
with a loud report With a pill box, a 
metal button, and a little seahng-wax, a 
roller which will roll up a sloping desk 
can be made Remove the lid of the box, 
and, with the sealing-wax, fix the metal 
button on to the side of the box Replace 
the lid and fasten securely The box will 
now roll slowly up a sloping surface, if it 
IS given a slight push, because inertia Picture 67 
carries the weighted part of the roller into a position 
from which it can begin another turn 

If a fresh egg is spun 
round rapidly the liquid 
interior is given a spin- 
ning motion If the egg 
IS now touched, for a 
moment only, by the 
finger, it stops {Picture 
58), but as soon as the 
finger is removed the egg 
again begins to spin This is because the inertia of 
the liquid keeps the interior moving, after the shell 
has been brought to rest, and, if the finger is then re- 
moved, the motion of the liquid inside is communicated 
to the shell to make it spin again Would a hard- 
fioifecf egg efo the same? 

In France, boys and girls often make for themselves a 
WAu — y 





Picture 50. 


tubes open at both ends, and a little mercury are 
required. The tops of the corks are decorated to 
represent doUs, and two pieces of wire are arranged 
to pass (one through each doil) from shoulder to 
shoulder. The tubes are first sealed at one end, a 
drop of mercury is placed in each, and then the other 
ends of the tubes are sealed up. The tubes attached 
by the wires join the dolls together and represent 
their arras. A staircase is made from a pile of books, 
or boxes of varying heights, and the twins are placed 
on the top step and pushed until one of them drops 
on to the next step below. The second twin will now 
describe a semicircle In the air over the head of the 
other twin, and land another step down the staircase. 
The first twin will now do what the second one has 
just done, and this process continues till the twins 
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have descended step by step to the bottom of the 
staircase Care must be taken that too much mercury 
IS not placed m the tubes, for this will resist instead 
of increase the inertia of the higher twin 

Many accidents are caused by inertia When a 
horse, which has been rapidly moving in a straight 
line, suddenly stops or shies, what is likely to happen 
to the rider? Why? 


Further Experiments. 

1 Make a spiantug top by pashtcg a pencil through a disc 
of caidboard Spin the top on a cloth, on a piece of sand 
paper and on a piece of gli^ Where does it spin longest? 
Explain your results. 

2 Arrange a long strip of waxed papei to form a switch 
back track, using books to support it From a tea.spoon pour 
a few drops of water on tho highest crest How do you 
explain the path taken by tho drops? 

3 Thread a button on a string and hold one end of the 
string in e-ach hand Whirl the stnng three times with one 
hand and notice how many times the button turns Explain 
your discovery 

4 Arrange a sloping trough from a water tap Turn on 
the water and note where a cup must be placed to fill it with 
water What do you conclude? 

5 Make a model divmg-chute and roll a ball down it. 
Wbere does the ball stnke tho water? 

C Tie a lai^ stone to one end of a thin rope and a small 
stone to tho other end Tlirow them up in the air How do 
;vou ej^nlaiu the jjatb taken tyr the smaller stone? 
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10. How a Weighing Machine Works. 

We are all acquainted with many different kinds 
of machines At home we have a machine to do the 
sewing’, another to help with the washing, one to 
mince the meat and even one to tell us the time 
When in the street we notice others — motor cars, 
tram cars cycles cranes, pumps and railway signals 

Our workshops and factories are filled with more 
machines — some for cutting materials, some for joining 
them together, others for grinding and crushing 
There is hardly any limit to the variety of the 
machinery which exists in the world 

Why should we have any machines at all ? To 
answer this question ue shall need to decide ivhat a 
machine is Let us imagine what the first man who 
wished to break up the soil would have to do As 
he had no tools he would be compelled 'to use his 
hands — a very tedious business we may be sure. 
Because of this, he would one day make a very 
simple machine to help him to do this work He 
would cut down a branch of a tree, burn it to a 
point, push the pointed end into the ground, and, 
by pressing the other end, would force a lump of 
earth out of place We are not certain what actually 
happened but we do know that the Romans used 
to plough their fields by using a pointed stick as their 
ploughing machine {Future 6o) A very primitive 
sort of machine wc think it to day, but still it was 
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a machine, because it was an arrangement by which 
a force exerted at one point was changed into a force 
acting at a clifTerent point 
The machine made by the first digger was of a 



very simple character, and is now known as the 
Lever Its essential features were rigidity and a 
special pOint which did not moie whilst the machine 
was working When the stick was forced into the 
ground, this special point, the folcmm as it is called, 
was at the surface of the soil From this point the 
stick extended m two directions, each portion acting 
as an ann of the lever When the digger pressed 
d(rinttards at his end of one arm, the lever trans 
formed his power in such a wa> that the other arm 
displaced the earth ufuards and the fulcrum re- 
mained at rest 

Thousands of leverb arc in U‘!C m the world, but 
all of them have the same essential features Tlicy 
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are all ‘rigid, though not of necessity straight, and all 
have a fixed point (the fulcrum) about which they 
turn Where is the fulcrum 
of a railway signal, of a turn- 
stile, and of a trap door ? 

We have seen that in using 
a lever a force applied at 
one point is made to act at 
a different point Consider 
another example When 
using a door-latch {Picture 
6i) we apply a force by 
pressing the thumb down- 
wards on one end of the rigid arm, and as a result 
the other arm moves upwards and so raises the bar 
of the latch out of its socket To prevent confusion 
when speaking of these two forces, it is usual to 
name the force applitd as the power, and the force 
overcome as the weight 
or resistance 

The scales used in a 
grocer's shop illustrate 
this very clearly {Picture 
62) When the grocer 
wishes to serve a pound 
of tea he places on one 
side ofthe scales a pound- _ , 

weight — that is, a piece 

of metal which the earth pulls down with a force of 
one pound The pound-weight is the resistance, and 
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the power is the earth's pull on the tea which is placed 
on the opposite side of the scales The grocer is 
said to have weighed a pound of tea when the power 
and the resistance are equal Is there any reason 
why the arms of the scales are equal in length ? 
Docs it matter on which side of the scales the weight 
and power act? What happens if too much tea is 
placed on one side of the scales? These arc questions 
to which we must supply answers. 

Let us consider the induence of the length of the 
arms on the accuracy of the scales Make a pair of 
scales by hanging the lids of coffee tins from each 
end of a ruler Bore two holes m the ruler, one 
halfway between the ends and the other one nearer 
to one end than the other Hang the ruler from 
the hole at its mtd point and m each of the hds 
place si\ marbles of equal weight The rod balances 
Hang it from the other hole Does it balance? Wc 
can see •’it once that it is unbalanced This gives 
us some idea wh) the grocer’s scales are hung from 
the mid point of the beam The fulcrum must be 
half-waj between the power and the weight if the 
beam is to balance when they arc equal Such a 
pair of scales is said to be accurate 

Adjust the improvised scales so that the> arc 
again accurate Change the marbles from one lid to 
the other Does the beam still balance ? We cannot 
detect in> difference, for the scales are still accurate 
This leads us to conclude that when using a lever 
with arms of equal length it does not matter whether 
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the power acts at one end or at the other, nor does 
It matter at which end the weight acts The grocer 
may place his tea in either of the pans of his scales, 
and if It counterbalances the metal weight in the 
other pan he knows that he is serving a definite 
amount of tea to his customer 

If we add an extra marble to one side of our 
balanced scales we see the balance is immediately 
destroyed, for the beam swings over to the side of 
the greater load We have made the power greater 
than the weight, and under this condition it is im* 
possible to balance the scales at the mid-pomt of 
the beam When the grocer adds too much tea to 
one side of his scales he also is making the power 
greater than the weight, and if he is content with this 
his customer will gam an advantage 
Would It be possible to arrange a lever to balance 
if Its arms were unequal? We can easily test this 
for ourselves Select 
auntform twelve inch 
, ruler and hang it from 
a point three inches 
■ija from one end At 
i^y\ this end hang twelve 
ounces of metal At 
the other end hang 
weights until the rod balances Examine the weight 
used and also measure its distance from the fulcrum 
Allowing for the slight extra weight of the long arm 
of the lever itself, we observe from this experiment 
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tint a tuclve*ounce ucjght acting three inches from 
the fulcrum countcrbnlanccs a four-ounce weight acting 
nine inches from the fulcrum \Vc know that 12x3=5 
4x9 Docs this relation between (1) the power and 
Its distance from the fulcrum, and (ii) the weight and 
Us distance from the fulcrum always hold good? Let 
us evpenmcnt again This time arrange a weight of 
four ounces t^\o inches from the fulcrum and find the 
position on the other side of the fulcrum where a one- 
ounce weight Will balance it Wc find that the one 
ounce weight must be 
phecd 8 inches from the 
fulcrum Notice that 
4 X 2 =>i x 8 We could 
perform a large number 
of cNpenments of the 
same t>pc, and wc should Ticiure W 

find that when the Icacr is balanced the product 
obtained by multiplying the magnitude of the power 
by the distance of the point where it acts from 
the fulcrum always equals the product of the »v eight 
and the distance of its point of action from the 
fulcrum {Pitturts G3 64) Thus when the power 
»s 5 lbs .and it acts .a foot away from the fulcrum, what 
weight, acting $ feet from the fulcrum, will just balance 
It? Haaing worked out this problem test your solution 
Wc call the product of the power and its distance 
from the fulcrum the tnniiDg moment of the power. 
Similarly, the product of the weight and its distance 
from the fulcrum is the turning moment of the weight 
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the power acts at one end or at the other, nor does 
it matter at which end the weight acts The grocer 
may place his tea in either of the pans of his scales, 
and if It counterbalances the metal weight m the 
other pan he knows that he is serving a definite 
amount of tea to his customer 

If we add an extra marble to one side of our 
balanced scales we see the balance is immediately 
destroyed for the beam swings over to the side of 
the greater load We have made the power greater 
than the weight, and under this condition it is im 
possible to balance the scales at the mid point of 
the beam When the grocer adds too much tea to 
one side of his scales he also is making the power 
greater than the weight and if he is content with this 
his customer will gain an advantage 
Would It be possible to arrange a lever to balance 
if Its arms were unequal? We can easily test this 
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weights until the rod balances 


for ourselves Select 
a uniform twelve inch 
ruler and hang it from 
a point three inches 
from one end At 
this end hang twelve 
ounces of metal At 
the other end hang 
Examine the weight 


used and also measure its distance from the fulcrum 


Allowing for the slight extra weight of the long arm 
of the lever itself, we observe from this experiment 
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that a twelve-ounce weight acting three inches from 
the fulcrum counterbalances a four-ounce weight acting 
nine inches from the fulcrum We know that 12x3 = 
4x9 Does this relation between (1) the power and 
Its distance from the fulcrum, and (11) the weight and 
Its distance from the fulcrum always hold good? Let 
us experiment again This time arrange a weight of 
four ounces tAo inches from the fulcrum and find the 
position on the other side of the fulcrum where a one- 
ounce weight will balance it We find that the one- 
ounce weight must be 
placed 8 inches from the 
fulcrum Notice that 
4X2 «ix 8 We could 
perform a large number 
of experiments of the 
same t> pc, and wc should pjctore W 

find tliat when the lev'er is balanced the product 
obtained by multiplying the magnitude of the power 
bj the distance of the point where it acts from 
the fulcrum alwajs equals the product of the weight 
and the distance of its point of action from the 
fulcrum {Pictures O3 and 64) Thus, when the power 
15 5 lbs and it acts a foot away from the fulcrum, what 
weight, acting S feet from the fulcrum, will just balance 
It? ifaving worked out this problem test >our solution 
Wc call the product of the power and its distance 
from the Mcmm the taming momenC of the power. 
Similarlj, the product of the weight and its distance 
from the fulcrum is the turaing moment of the weight 
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In the case of scales which bahnce, the turning 
moments of both are alike, hence when the arms are 
not equal either the shop- 
keeper or the customer 
loses What decides who 
loses and who gains? 
We can now see why a 
balancing position can be 
obtained with scales having 
unequal arms if the weight 
and power can be so 
adjusted that the two 
turning moments are 
Fictare 65 equal 

The advantage gained m using a machine is 
known as mechanical adrantage 

There are hundreds of ways in which levers are 
employed to gain mechanical advantage The work- 
man uses a long armed crowbar 
{Picture 65) the stoker a long poker, 
the navvy a long shaft to his pick 
and shovel, because it is then possible 
to apply the power a good distance 
from the fulcrum, and thus increase 
the turning moment on one side of 
the fulcrum We know by expen 
ence that it is much easier to pull 
out nails if we use a long pair of 
pincers, or a claw hammer with a long shaft {Picture 
66) Also, in pumping, advantage is gained by having 
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a long handle to a pump Nut -crackers, hinged 
lemon-squeezers, long chisels, and broad handled 
screw drivers are all machines used to gam mechanical 
advantage 

A boy and a girl may be unequal in weight and yet 
on a see saw the lighter boy can raise the heavier girl 
by virtue of their 
respective positions 
on the plank (Pic- 
ture 67) Where 
must the boy sit ? 

Obviously he must 
be farther from the 
balancing point than 
the girl so as to Picture C7 

make his turning moment equal to hers Should a 
second boy mount on the see saw what are the possible 




effects of his power? 
How may the effect be 
varied ? On a see saw 
it IS seen that mechani- 
cal advantage is gained 
when a small forceover 
comes a larger force 
What may we notice 
about the distances 
the children rise when 
the seesaw sways? 
Is there any relation 


between their weights and the distances they travel? 
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Interesting applications of these principles are seen 
when we consider the action of a weighing machine 
The Romans made use of a lever when they 
weighed the tribute com from their provinces {Picture 
68) This machine has still kept the name of the 
Roman steeiyard, and it is so arranged that a very 
small weight can be used to balance a much greater 
one From this we know that the steelyard 
must have unequal arms The greater weight is hung 
from a fixed point very near to the fulcrum, and, on the 
opposite side of the fulcrum, a smaller weight is hung 
This small weight is moved about on the long arm 
until a position is found where it is able to balance the 
greater weight The long arm of the lever is graduated 
like a rule, so that, by observing 
the distance of the smaller weight 
from the fulcrum, the exact weight 
of the object hung on the short 
arm can be calculated » The value 
of this steelyard depends on the 
accuracy of the scale 

Most weighing machines work 
on the same principle as the 
Roman steelyard We may see 
them in use in the butcher’s 
shop when large carcases of meat 

are being weighed 
Picture 60 & fa 

In wharves where trucks of 
coaf are weighed a weighbridge is used ft woufd be 
very inconvenient when weighing very heavy loads to 
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be obliged to use scales needing weights such as a 
ton or a hundredw'eight and so a system of levers is 
arranged The truck is run by means of rails on to a 
platform This platform is connected by a strong con 
necting rod to the short arm of a lever (Picture 6g) 
The lever has a knife edge fulcrum and the other arm 
IS extended and graduated to scale At the end of 
this long arm is a scale pan Because of the difference 
m length of the arms a small piece of iron on the scale 
pan will counterbalance a ton weight resting on the 
platform A calculation is made to determine the 
amounts of iron which at the distance of the long arm 
will counterbalance a ton a hundredweight and a 
quarter placed separately on the platform and then 
weights are made to correspond to these loads To 
weigh the truck when it is on the platform the nominal 
weights which correspond to the larger ones are placed 
on the scale pan The number of tons hundredweights 
and quarters is first determined and the remaining 
pounds more than this are then ascertained by sliding 
a small steel runner (shaped like a large ear ring) over 
the graduated arm When the long arm is horizontal 
the weight of the truck »s easily obtained correct to the 
nearest half pound It is usual to detach the connecting 
rod from the short arm of the lever when the machine 
is not in use so that the knife edge fulcrum is not 
damaged by the continued weight of the platform To 
do this a handle is .orovided When the handle is 
pressed down the connecting rod engages with the short 
arm of the lever and the weighing can proceed 
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where the power acts and the other where the weight 
acts In the case of the wheelbarrow {Picture 
71) the fulcrum is the axle of the wheel The 
weight IS m the barrow and the power is applied at 
the handles Why should a barrow be caster to handle 
jf the load is placed as far forward as possible? A 
pair of nut-crackers is another example of the same 
arrangement 

A still stranger arrangement js seen m the working 
of the treadle of a grindstone {Picture 72) How does 
It differ from the treadle of a sewing-machine? When 
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we raise a weight m the hand, the bones of the fore- 
arm form a lever having the fulcrum at the elbow 
{Picture 73) This IS m the same class of lever as the 
grindstone treadle, spring shears, and sugar tongs 
Levers have often been combined to produce more 
intricate machines — as m the common scissors {Picture 
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74 ) and the hand-brake on a cycle The arms of 
the lever may be bent or 
curved, as m a pair of 
pliers or the valves of a 
piccolo But, however 
intricate a machine may 
Picture 74 be, it Will always be found 

to have some parts which are levers m principle 
Picture 75 will interest you. 



Further Experiments. 

1 Stretch the arm sideways as far as possible, holding a 
half pound >7eight on the palm of the hand Attempt to 
rawe the weight without bendmg the arm ITow repeat the 
attempt, bending the arm at the elbow Explain the 
difference 

2 Using a light uniform piece of lath, three hau* pins, and 

a heavy button, make a letter balance on the principle of the 
Roman steelyard • 

3 Given a uniform broomstick, a half pound weight, and 
some string, find the weight of a atone 

4 A 101b weight is tied to one end of a walking stick 
which rests on one shoulder Find the most comfortable 
position for holding the stick and explain why it is so 

5 Given a crowbar and n 56 lb weight, m how many ways 
can you use the bar to displace the weight! 
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II. Why Things Float 

We know by expenence that if we vvish to keep a 
cork at the bottom of a tumbler filled with water we 
must press the cork down, say with a finger or a rod 
We also know that as soon as the pressure is removed 
the cork will rise to the surface Now we have learned 
that a thing will not move unless it is made to do so by 
a force, and it will be interesting to find out what force 
makes the cork rise to the surface of the water We 
can be quite certain that whatever force causes the cork 
to move It must be a force greater than that of gravity, 
because the tendency to fall is overcome and the cork 
IS caused to move upwards 

Obtain a tall, water-tight tin vessel and puncture the 
side of It, making three holes at varying heights 
{Pteture 76) We can fill the vessel with water by 
keeping ourfingers over the holes, 
but as soon as we remove our 
fingers, out comes thi. water m 
three jets The water is being 
forced out, and this time the force 
IS acting sideways It will be 
noticed that the water is forced 
out from each of the holes to a 
different distance The longest jet 
IS coming from the lowest hole, and the shortest jet 
from the topmost one This suggests that the force 
varies m intensity according to the place where it is 
exercised, being greatest at the lowest point and 
least at the highest point 
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From the two foregoing experiments it is dear that 
this force acts both upwards and sideways Does it act 
m any other direction ? Yes there is a dminuard force 
as well, due to the weight of the liquid What is this 
force which is acting m e\ciy direction ? We speak of 
It as liquid pressure 

Let us perform another experiment Draw into a 
fountain pen filler, or into a syringe, a quantity of 
oU\e-oil Then dip the pointed end of the tube under 
the surface of clear water in a 
glass tumbler, and gently squeeze 
out a drop of the oil {Pteture 77) 

Ifotice the skspc of this drop as 
It rises to the surface It is 
nearly spherical, and from (his 
we conclude that it ts under the 
influence of almost equal forces 
all round it. All experiments 
with liquids help to prove that Picture 77 

below the surface of in> liquid there are forces 
acting in every direction 

We ha\c now observed three \'er>’' important ficts 
about liquid pressure, namely, (i) within a liquid there 
are forces acting in cverj’ direction — downwards, up 
wards and sidewajs, (11) at any point within the liquid 
these forces arc equal, (ni) as the depth of the liquid 
increases there is a corresponding increase of pressure 
Scientists express this Inst fact by say mg that the 
pressure of n liquid vanes with the head of liquid. 

Wc may iHustratc this statement thus: Place a 
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postcard flat on the surface of water and push it under 
the water by means of a lamp glass held vertically 
{Picture 78) The card covers the end of the lamp 
glass and remains there because 
the water presses it upwards As 
the card is pushed lower this 
pressure becomes greater, and 
at a depth of about a foot, the 
force of a pea shot down the 
lamp glass from a pea shooter, 
does not disturb the card Now 
pour water into the lamp glass 
This does not have any obvious 
effect on the card until the water 
reaches the same height inside 
the lamp glass as it is outside When this stage is 
reached the card falls by its own weight because we 
have then imposed a pressure which is exactly equal 
to the pressure which is acting upwards* This is 
true because both sides of the card are very nearly 
at the same depth or in other words, they are under 
the same head of liquid 

The effect of head of liquid is seen in everyday 
life To obtain the maximum pressure in the water 
supply of a town the reservoir is placed well above 
the town on the highest land available The supply 
tank for a fountain is placed as high as possible, so 
that the water from the exit tube of the fountain will 
be forced to a great height The water carts on the 
streets send out a much longer spray when the tank 
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IS full than when it is almost empty A plug to 
stop a leak in a water butt is driven from the inside 
Sediment m a deep lake or canal is pressed by the 
water above it till in a few years it is almost as hard 
as sandstone The water pressure in the ocean is very 
great indeed — as much as one ton per square inch 
at a depth of a thousand fathoms Because of this 
great pressure a diver’s body has to be protected ivith 
a suit which is inflated with air just as we inflate a 
football or a bicycle tyre, and his head is protected 
with a brass helmet {Pi^Iure 79) In 
order to make him sink into the water 
he wears boots, weighing twenty pounds 
each, and heavy weights of lead are 
attached to his breast and back The 
total weight of a diver’s suit is over 150 
pounds For many years it was con 
sidered very unsafe to work in places 
deeper than 200 feet below the surface of 
the ocean, in fact, the ordinary working 
limit was about 150 feet In November, 

1925, a British submarine was lost off 
Start Point, Devonshire, and attempts were made to 
salvage it With certain apparatus divers reached a 
depth of 500 feet, but since then a descent of about 
650 feet has been made Because the water pressure 
makes him very buo>ant, the diver has little pushing 
or depressing power For this reason, therefore, 
he cannot use ordinary tools unless he can create 
sufficient resistance by resting his back acamst some 
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firm object like a rock To overcome this difficulty 
he uses pneumatic tools which require little exertion 
on his part to keep them to their work, but which are 
heavy enough to form their own resistance to the 
strokes they make 

Now we come to a very important and rather 
difficult part of this subject. We must keep clearly 
in our minds that when an object is under the surface 
of water it is pressed by the water in all directions^ 
but not equally — the pressure varies according to the 
depth Thus in the case of the cork in water the 
lower surface is pressed upwards more than the upper 
surface is pressed downwards When the cork is 
immersed in water it takes up the space previously 
occupied by an equal volume of water (Picture 8o) 
This water was at rest 
— It moved neither up 
nor down its weight 
was supported by the 
upthrust The same 
amount of upthrust is 
now acting on the cork, 
but the weight of the 
cork is less than the 
weight of the same volume of water Consequently 
the cork is pushed up If iron occupied the space 
where the cork is the upthrust would still be the 
same namely the weight of the water which was 
there before the iron took its place But the weight 
of the iron is greater than this weight of water 
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Consequently the iron falls Is it not clear then why 
some things sink and others float? And a very 
important point to note is, that the weight of the 
water displaced by an object is equal to the up 
thrust of the water ou that object 

The first person to discover this truth was a philoso- 
pher named Archimedes, who showed that the upthrust 
on a submerged body makes the weight of the body 
appear to be less than it really is This loss in weight 
must, of course, equal the upthrust, and must therefore 
be equal to the weight of liquid the object displaces 
Ever since this wonderful discovery was made it has 
been known as the Principle of Archimedes 

This apparent loss in weight is due to the upthrust 
of the liquid acting upwards against the force of 
gravity, which acts downwards on the object When 
the upthrust is the greater of these two forces the 
object nses to the surface of the hqmd and we say 
It floats • This IS what happens with the cork in 
water , but when a piece of iron is in water the force 
of gravity is not overcome by the upthrust and con 
sequenlly the iron sinks 

There is an upthrust on every submerged object 
This explains why a boy, learning to swim, is easily 
supported in the water by a very little pressure 
applied under his chin For the same reason a 
heavy piece of masonry can be moved, when under 
water, by a crane which could not raise it in air 

We may ask why a ship, constructed of iron plates, 
floats in water, although iron itself sinks m water 
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This IS because the ship is so built that it displaces an 
amount of water which is much greater than the bulk 
of actual iron This displaced water causes enough 
upthrust to float the whole By loading the ship, 
its weight may be increased until the downward 
force of gravity is nearly equal to the upthrust, and 
yet the ship will float Each addition to the weight 
of the ship submerges it more and more To prevent 
accidents due to overloading of ships all British 
vessels are compelled to carry a mark, known as the 
Plimsoll Line {Picture 8i) on their port side This 



Picture 81 LR — Llojds Register FW* Fresh Water 
S=Summer, W=l\inter 


mark shows to what depth the ship may be safely 
loaded In the same way the weight of a submarine, 
when it IS to be submerged, is made greater than the 
upthrust on it by water being taken into its tanks 
{Picture 82) The reverse process of pumping water 
out of its tanks causes it to rise again to the surface 
It must not be supposed that the same object is 
always subject to the same upthrust — this vanes 
with the different kinds of liquid in which the object 
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is immersed Thus the upthrust in sea water is greater 
than m fresh water, and so ships are often loaded 
deeper whilst in river water, viz to a point (see FW, 
Picture 8r) above the Phtnsoll Line, but on reaching 
the sea the captain must observe regulations The up- 
thrust in a liquid like mercury is very great indeed — 
nearly fourteen times as great as it is in water A 
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solid block of iron wiU float on mercury Every 
swimmer knows that it is easier to float m salt water 
than in fresh water A fresh egg sinks when placed 
in pure water, but floats on the surface m strong 
brine “Bathers who venture into the Dead Sea find 
It impossible to sink below the surface, and sufler 
from irritation of the skin after immersion owing to 
the extreme saltiness” 

An interesting toy can be made to shon this 
difference of upthrust Take a triangular prism of 
light wood without knots, m it, about 2 inches long 
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and 1 inch wide With a penknife carve one end of 
It to represent the head of a fish {Picture 83) Paint 
scales on it and it 
will look quite real 
istic Now place the 
fish m a shallow 
basin of fresh water 
It will at once turn 
over on its back like 
a dead fish but if 
salt IS added to the 
Picture S 3 water, it 

will turn over again and float with its edge 
upwards like a live fish Why is this ? 

Many uses are made of the difference in 
upthrust between one liquid and another 
The milk inspector uses this principle as 
a means of testing the quality of milk 
A glass tube is loaded with mercury 
{Picture 84) and on the tube a scale is 
marked This tube floats m the milk to 
a depth which vanes with the amount of fat 
in the milk We can make such an instru 
ment for ourselves by weighting a black lead 
pencil to make it float upright in water, 
and marking with a penknife the depth 
to which It is immereed Put the pencil 
in a jar of milk and we find the mark is 
above the milk surface Using our weighted pencil in 
other liquids we find that the depth submerged vanes 
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with the liquid This js the basis of the testing in- 
strument used by manufacturers of oils and of acids 
to test the strength of their liquids Brewers, 
publicans, and excise officers also use a similar 
instrument to test whether their spirits arc up to 
the standard which the law demands 


Further Experiments. 

1 Hold a hollow, rubber ball under the surface of water in 
a tank Explain what happeus when it is released I^o the 
same with a bull of iron and say how you would account for 
any differences observed 

5 JJoat a tumbler m water Why does it float? Four 
water into the tumbler till it sinks How much water most 
be added? 

3 Place a largo sponge on the surface of water in a basin 
XiOave It for a few minutes Explain all the changes which 
occur 

4 Weigh a paring etone on a spring balance Now lower 
the stono into a tank of water and again notice the weight 
What has occurred? Would the etone weigh the samo if it 
were lowered into the sea? 

6 Float a ruler upright m water Notice how far it is 
submerged Notice the depth to wluch it is submerged when 
placed in methylated spint What would you expect to be 
its depth in a 60^ mixture of spuit and water? Test this 
conclusion 
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Obtain an empty match box with its cover and try 
this experiment Stand the empty box on the table 
in an inverted position and on the top of it place the 
cover in an upright position {Picttae 85) The problem 
15 to re arrange the box and its cover so that the box 
IS then supported on the top of the cover like a 
pedestal — that is the whole is to be turned right 



over so that the box is on the top , and yet the box 
IS not to be touched by the fingers Proceed thus 
Place the mouth to the open end of the cover, draw 
in a deep breath through the mouth as though sucking 
air out of the cover, and quickly throw the head well 
back whilst still drawing m the breath {Picture 86) It 
will be seen that the two parts of the match box hold 
together, and that both arc m the position desired 
Now take the cover carefully between the finger and 
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thumb, and both it and the box may be placed on the 
table with the upturned box supported on the upright 
cover What is the explanation of this? Let us see. 
It is evident that when the box rises m the air 
something is causing it to be pressed against the 
cover But we cannot see what is causing this 
Perhaps it is the air pressing on the open surface 
of the box Much of the air within the co\er is 
sucked out before the head is thrown back, and this 
causes a greater pressure of air on the open surface 
of the box than on the other side Let us try to 
make sure that it is the air which is pressing upwards 
Here is another experiment Fill a tumbler with 
water to the brim and cover the water with a post 
card Holding the postcard in position with a finger, 
quickly turn the tumbler upside down {Picture 87) 
What did you expect? Did you not expect the 
water and the postcard to fall 
to the ground ? But the post- 
card remains in position Why? 

The air, by exerting pressure on 
the postcard, is preventing the 
water from running out The 
air IS pressing upwards with a 
greater force than that exerted 
by the water, which tends to 
fall to the ground Yes, air 
exerts a pressure upwards 
And, like all other things on the earth, it exerts a 
pressure downwards on account of gravity Does it 
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his opinion of this new scent We shall rarely hear 
this opinion, for no sooner has our friend removed the 
stopper than he feels an inconvenient trickle of water 
down his sleeve and amidst the fun hts opinion of 
the odour of the ‘scent’ is forgotten This device 
depends upon the air pressure on the small hole being 
sufficient to overcome the weight of the water, so long 
as the stopper prevents air pressure from above It is 
for the same reason that a vinegar barrel has to be pro- 
vided with a vent hole as well as a hole for the spigot 
Many useful devices can be constructed by utilising 
air pressure A simple drinking trough can be made 
to give a constant supply of pure water for poultry 
by closing the neck of a bottle full of water, inverting 
and re opening it under the surface of other water 
contained in a shallow dish {Pictute 89) Although 
the bottle is upside down the 
water in it does not escape, 
for the air pressure on the 
surface of the water m the 
dish IS supporting the water 
in the inverted bottle The 
bottle remains full of water 
so long as the surface of the 
water in the dish does not 
fall below the mouth of the 
bottle But when the water 
in the dish has been drunk 
hy the fowls, or evaj^otaJted, oc the. sAisCace. -aC 

this water is lowered by any othc at once 
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the water in the bottle flows out until the mouth is 
again covered The air pressure on the water m the 
dish once again supports the ivater left in the bottle 
This process may be repeated so Jong as there is any 
water remaining in the bottle. It is interesting to 
experiment in this way with ordinary bottles of 
varying capacities In all such cases it is found that 
the air supports the weight of the water in the bottle 
Now what 15 the length of the highest column 
of water which the air will support ? Is there a 
column of water so high that the air ivill not support 
It? Many years ago the citizens of Rouen were 
surprised one morning to see in their market place a 
great tube over thirty feet m height standing inverted 
in a pail of water The answers to our two questions 
were being sought for It was found that the highest 
column of water which the air would support was 
about thirty two feet and that whatever height of tube 
was used the air would not support the weight of a 
column of waterany higher Think what the water in a 
tube forty feet high would do when inverted The water 
would of course sink to a height of thirty two feet 
We now understand why water cannot be raised 
b> an ordinary pump from a well more than thirty 
two feet in depth Before this experiment was done 
in Rouen experiments of the same were made in 
riorence with other liquids and it was found that the 
height of the liquid column varied \er> much indeed 
When using i tery heavy liquid sue!) as mercuiy, 
the column stood at a height of about thirty inches It 
w A u — 0 
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was soon found also that the same kind of liquid, 
when tried in different places at the same time, gave 
different results This suggested that the air pressure 
might not be the same at all times nor the same at 
all places We can prove this to be true by the 
following arrangement First, let us fill a jar with 
water right to the brim, and then tie over it a thin 
India rubber sheet in the way m which a jam jar is 
covered with gummed paper Now let us hang our 
jar in an inverted position from a hook fixed out of 
doors The india rubber bulges outwards, of course, 
but if we watch it day after day we find that the 
amount of this bulge varies Why ? The air 

pressure vanes Is it possible to measure these 

varying pressures? Yes, and this is generally and 
most conveniently done by using the mercury column 
But, whatever liquid we use (and whether we use a 
liquid or not), an instrument for measuring the weight 
or pressure of the atmosphere is called a barometer 
As a rule, air pressure is greater at the seaside than 
at the top of a mountain We can confirm this for 
ourselves by consulting the morning newspapers 
There we may find a record of the barometer readings 
at different places , some of these places are situated 
at the seaside and some inland 

This difference of pressure at larious places exer- 
cises a great influence on our lives Imagine what 
occurs when air is at high pressure in one place and 
at low pressure m an adjoining place Here is an in 
terestmg experiment which may assist our imagination 
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Obtain a glass water-bottle, about eight inches m 
height and having i neck, tbout an inch wide {^Picture 
90 ) Now prepare a banana bj peeling it one 
quarter of its length Then pour 
into the bottle a layer of methylated 
spirit, and fire it by dropping on it a 
lighted match This causes the air 
withm the bottle to become warm and 
to expand The expanded air at once 
searches for a means of escape from 
the bottle, and after a minute there 
IS very little air remaining behind A 
region of low pressure has thus been 
made in the interior of the bottle At W 

this stage push the peeled part of the banana into 
the bottle neck and watch what happens The banana 
IS slowly forced right into the bottle by the pressure 
of the outside air, and as it enters the skin is peeled 
off When the last portion of the banana has passed 
Into the bottle a sharp pop is heard due to the outside 
air rushing in to fill the bottle complctelj 

Wc can sec, therefore, that air tends to move from 
a place where the pressure is high towards 1 place 
where the pressure is low If we think about the 
experiment again wc sec that difiercnce m air pressure 
IS largely due to difiercnce of temperature, \\hen 
air IS heated it expands, it becomes warmer, and it 
nscs , and this causes a lowering of the pressure at 
that spot, and there follows ^n indraugfit Wc see 
this principle exemplified when smoke is rising m a 
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chimney Whilst sitting in front of a good fire m the 
grate we often feel that our backs are cold, and we 
say that the room is draughty What is a draught? 
It IS air moving from a cold place, where the air is at 
high pressure, towards a place where the air is warmer 
and consequently at a lower pressure This process 
15 going on when we are sitting before our good fire 
It IS also going on out of doors all the year round, 
for air is always moving in currents over the surface 
of the earth We call the currents winds, and give 
them names, such as the East Wind or the West Wind, 
according to the direction from which they blow The 
speed of the wind largely 
depends upon the amount 
of the difference in the 
air pressure at two places 
It also depends upon the 
distance the places are apart 
As these conditions may vary, 
we have light breezes, fresh 
breezes, gales, hurricanes, or 
monsoons blowing over land 
and sea 

We have seen that the 
barometer is an instrument 
which records the variations 
of air pressure, and there 
fore It IS able to tell us the 
fund of winds we are fifeely to experience When the 
barometer falls the winds may be expected to blow 
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towards our region, whilst a barometer indicates 
out-going winds If the barometer is ;umpy we may 
expect rapid changes in the wind and unsettled weather. 
This IS why the farmer, the aviator, the tourist, and 
others watch the barometer very closely, for it helps to 
guide them as to the kind of weather to be antici- 
pated (Pidure 91 ) 

Further Experiments. 

1 Obtain a piece o£ clean metal, liaviug the shape of a 
sixpence, and press it to the iorehead ]ust above the budge of 
the nose Try to remove it by shaking the head What is 
the result 1 

2 Place water in a glass tube shaped like a letter U 
Note the height of the liquid m each limb Why does the 
leiel alter if you blow down one bmb? 

3 Damp a boy's sucker and press it against a smooth wall 
Attach the string of the sucker to a spring halance Pull 
the sucker by pulling the ring of the spring balance Notice 
the reading of the spring balance when the sucker leaves the 
wall How may this observation be explained ? 

4 Puncture tho lid and the base of a coQee tin by means 
of a needle Stick a picco of paper o%er tho hole in the hd 
Close tho hole at tho bottom vvitli a finger, fill tho tin vessel 
with water, press on tho lid, end remove the finger Does 
water leave tho vessel t What happens if tho paper over the 
lid IS broken through 1 What does this indicate 1 

5 Take a short glaas tube, open at both ends, and dip one 
end m a jar of water Now press tho finger over tlio other 
end and withdraw the tube. tVhat do you notice when you 
examine tho tube ? What happens if the finger is removed 
from tho end! 

jIawp J'.h#' .handU' Jif J* gmeden and .nlaee 

the nozzlo under water Draw up tho handle What 
happens to the water, and why! 
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Watch a plumber fivmg a glass globe to the gas 
fittings in 1 room After he has arranged the glass 
globe in the socket he adjusts the screws so that 
the globe can be turned round quite freely Ex- 
perience has taught him that if he leaves the globe 
screwed up tightly in the socket the globe will crack 
shortly after the gas is lit Examination of a globe 
which has cracked in this way shows that the cracking 
begins just where the screws touched the glass The 
exact reason for this is The glass, when warmed 
by the heat of the gas, becomes larger m every 
direction, and, if tightly fixed in its socket, this ex- 
pansion causes a strain which the glass is not tenacious 
enough to withstand, and consequently the glass 
breaks at the point of greatest resistance 

We all know that glass globes, glass tumblers, 
glass windows are brittle, c\en when cold -But they 
are more likely to break when heated Let us try 
to find the reason for this It is easy to understand 
that wc arc not always able to heat equilly and at 
the same time all the particles of which these glass 
objects arc composed As soon as one portion is 
heated it expands at once , it does not wait for the 
next to become warm and to expand The result is 
that the danger of breaking is much increased, for 
as the tcnacitj of glass is not great, it is likely that 
the heated portion wiH break away from the next 
portion which is cooler A similar danger arises 
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when hot glass is cooling If one portion cools more 
quiclvly than that ne\t to it, the glass cracks, for the 
cool portion begins to occupy less space and breaks 
away from the next — again because of the low tenacity 
of glass 

Glass IS of great use to us because it is solid and 
transparent Its special property is transparency 
Light passes through it, and so we are able to see 
through It But it is also very brittle Men have 

therefore tried to find a substitute for it They have 
tried to find a substance which must be transparent, 
solid, light in weight, and tenacious — and they have 
nearly succeeded Mica and silica are now some- 
times used for the windows of oil stoves, bicycle- 
lamps, and for other purposes where sudden changes 
of temperature are likely to occur Gas globes made 
from silica can now be purchased m some of our 
shops So little do these silica globes alter in size 
when heated that they can be made red hot, and 
whilst in this state they may be plunged into cold 
water without cracking them Substances like silica 
are however exceptional and in using most of our 
materials care must be taken, on account of the e\ 
pansion which occurs when they are heated and the 
contraction when suddenly cooled 

Let us consider some examples in our homes 
Every girl knows what is likely to happen if very 
hot water is poured into a fine china vessel It 
cracks, even if i( does not 6reak Ana’ tfie sairre 
thing often liappens when hot earthenware ve ’ 
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are plunged into cold water The reason for the 
damage is similar m both cases One portion of the 
vessel has suddenly broken away from the next 
portion because the unequal expansion or contraction 
has strained it to breakmg-point For the same 
leason the g\ass of an CA\-\aTnp may crack 

when a draught of cold air strikes it, and thick 
glass windows are sometimes fractured during frosty 
weather 

The fire-bars in the kitchen grate are quite loose 
in their sockets before the fire is lit in the morning, 
but after they have been warmed by the heat of the 
fire they no longer rattle, but fit tightly The heater 
of a box-iron used for ironing clothes fits very loosely 
indeed in its case when cold, but when it has been 
made red-hot it fits quite tightly 

When we stay up very late at night, until the 
house IS quiet and the fire is dying down, we can 
hear very faint cracking sounds, mere whispers in 
fact These are caused by the furniture contracting 
as vt cools, aud when sUrmUmg \t. gwes Tvse to crack- 
ing sounds We shall know in future that these 
sounds are not made by ghosts • 

Sticks of roll-sulphur, sold as brimstone, show ex- 
pansion m a peculiar manner when they are heated 
When a stick of this substance is held close to the 
ear, we perceive a noise like the explosion of hundreds 
of miniature fireworks The explanation is that the 
thousands of crystals composing the sulphur are ex- 
panded by the heat of the hand, and are forced to 
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push past each other to alloiv this expansion to take 
place 

Because of the expansion of iron when heated a 
blacksmith, who must form a horse shoe whilst it is 
hot, makes it larger than Jt is actually required for 
the horse’s hoof When cooled it contracts and Is 
then found to fit exactly 

A soldier who has fired a hundred rounds of shot 
in quick succession from his rifle finds the barrel of 
his gun so expanded by the heat that it cannot grip 
the bullets but becomes “jammed^ until it has had 
time to cool and to contract to its normal size again 

The expansion and contraction of a solid body 
caused b> changes of temperature have been shown 
very clearly by a French scientist called Gravesande 
He used an apparatus known as The Ring and Ball 
We can perform Nery similar 
experiments by using a steel 
ball and a metal washer through 
which the ball will just pass 
Using two pairs of pincers, 
hold the washer with one pair 
of pincers m the right hand 
and hold the ball with the 
second pair in the left hand 
{Picture 92) (A cloth will be 
advisable when holding the second pair of pincers ) 
Heat the ball to redness over a gas jet and then 
place It on fhe was'her "We o'bserved fne ‘oai'i pass 
through the washer when both were cold, and now 
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when the ball is heated it will not pass through. What 
has happened ? The \*olunic of the ball has increased 
— it has expanded in cvcr>» direction, and has now a 
diameter greater than that of the hole of the washer. 
Now allow the ball to remain for a little while sup- 
ported by the washer. Soon the ball passes through 
the hole. (Take care that the hot ball docs not fall 
on to any material it may damage. A saucer filled 
with sand makes a good receptacle.) Why does the 
ball pass through the hole after a little delay? The 
washer has become hot by contact with the hot ball, 
and has itself now expanded sufTicienlly to allwv the 
ball to p.iss through it, whilst the ball itself has 
slightly contracted on cooling. 

Gravesandc's experiments show very' clearly that 
iron expands in c\’cry direction. Suppose a very* long 
met.il wire were hc.atcil. would that also expand in 
every direction ? Ves, the volume of it would increase, 
the area of its crois section would bccomo greater, 
and its length would increase also. Which of the 
increases uould be the most obvious? Wc should 
more readily notice the increase in length. The 
\'ari.-\tion of the length of an object when it is healed 
is sjKjkcn of as linear expansion. A familiar instance 
of this is seen when telegraph wires bend or sag in 
hot wc.ithcr. 

IJncar expansion is s*cf}* Important to many kinds 
of workmen. The man who lays railway lines must 
lca%-e spaces Ixrtueen the rails to allow them to 
increase in length on a hot day. The buOder must 
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not cement round the ends of hot water pipes fixed 
in a budding The engineer who constructs a metal 
bridge must not bed the ends of the main beams m 
concrete but must rest them on rollers The Forth 
Bridge (Picture 93) the total length of which is nearly 
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8300 feet has room to slide feet on its rollers 
The piano tuner must not tune a piano whilst a room 
IS very hot if he wishes it to have a good tone when 
the room is cool The pitch of the note changes with 
the alteration of the length of the piano wire The 
inspector, of weights and measures must remember 
the effect of temperature on metal yard sticks, and 
when testing them he must correct his results The 
clockmaker must include a device on his clock pen 
dulum so that the alteration of 
the length due to variations of 
temperature may be coropen 
sated 

We can construct a simple 
apparatus to show clearly that 
a solid when heated expands P eture W 

linearly Bend a hair pm into the shape of a triangle^ 
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open at the apex {Picture 94) Now grip a copper 
com between the free ends of the wire Hold the 
triangle with a pair of pincers, as shown in the picture, 
and warm the mid point of the wire a very little 
The length of the heated side increases, the jaws 
open, and the com falls 

The amount of the increase in length caused by a 
fixed rise in temperature varies for different metals 
A copper bar increases from 100,000 cms (approx S of 
a mile) to 100 002 cms when its temperature is raised 
I* C, but a similar bar of lead heated to the same 
extent increases from 100,000 cms to 100,003 cms 

When similar and equal lengths of brass and iron 
are raised through the same temperature it is found 
that brass expands about ij times as much as iron 
It follows that, if we obtain two bars, one of iron 
and one of brass, having the same area in cross 
section but the iron bar i4 times the length of the 
brass one, the actual increase in the length, of these 
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two bars will be just the same When 
they are joined together by a cross bar, 
and the upper end of the iron bar is 
fixed {Picture 95), the expansion of 
the iron downwards is counterbalanced 
by that of the brass in the upward 
direction The effect is that the dis- 
tance between the ends of such a 
compound bar remains constant 


We can see therefore that a pendulum could be com- 
posed of iron and brass bars in this way, and that its 
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effective length would be the same for all temperatures 
Pendulums for clocks are offen constructed 6f different 
materials, so that the expansion of ono 
metal m one direction is compensated by 
the expansion of the other metal m the 
opposite direction These pendulums are 
known in the clock-making trade as 
gridirons, because the two metals are 
arranged in a gridiron pattern {Ptciure 96) 

Such a pendulum keeps accurate time with 
its swings, no matter how much the tem- 
perature vanes, and no adjusting screws 
aie Ttijuitei because ihe \eng\Vi ttmams 
constant 

In ordinary watches a heavy rimmed 
wheel, known as a balance-wheel, siving^ 
to and fro to regulate the speed of the works, just as 
the pendulum does in a clock When the day is hot 
this balance - ivheel expands, 
takes a longer time to describe 
its swings, and so causes the 
watch to lose time In expen- 
sive watches, however, and in 
chronometers used on ships, 
the balance wheels are always 
compemattd {PicUii'^ 97) The 
rim IS made in s^guients, and 
each part consists 0^ two metals, 
generally steel and brass — the brass forming an outer 
rim to the steel When the day is warm the metals 
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expand, and the expansion of the brass being greater 
than that of the steel, the segments curl inwards But 
the spokes of the wheel are firmly fixed in the hub and 
they expand outwards Because the free ends of the 
segments are loaded these two influences counteract 
each other, so that the rate of the swing of the wheel 
IS unaltered 

One of the greatest handicaps to the use of steel 
frames for windows m houses and factories is the 
different rates of expansion of steel and glass This 
makes :t necessary to have the frame a little larger 
than the glass plate which it is to accommodate If 
platinum were a cheap metal this difficulty would 
not arise, for a platinum frame would expand at the 
same rate as the glass Why is it impossible to 
seal a copper wire into a glass tube, although a 
platinum wire is easily sealed into it ? It is because 
the copper contracts more rapidly than the fused 
glass, and so a crack occurs and prevents a tight 
joint being made. The platinum, however, contracts 
at the same rate as the glass, and together they 
make a perfect joint When we wish to stretch an 
iron bar, even to a minute extent, we find it neces- 
sary to use a great force So also when we expand 
an iron bar by heating, a great force is exerted That 
IS why, when constructing a furnace, the metal bars 
which form the hearth are not fixed in the masonry, 
for when heated the force of their expansion would 
break down the stone-ivork We can make a novelty 
which depends on this principle by taking an old 
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photographic film, and cutting it doun to the out- 
line of a fish When it is placed on the open palm 
{Picture 98) the force of expan- 
sion, due to the heat received 
from the hand, causes the “fish” 
to curl up, turn on its side, and 
roll about 

Just as it IS so difficult to stretch an iron bar it 
IS equally difficult to compress it, and this accounts 
for the great force developed during contraction A 
wheelwright makes use of this force when fitting a 
metal nm to a wheel First, the iron hoop is made 
less in diameter than the wheel for which it is ift 
tended Next, it is so expanded by heating that it 
slips over the wooden framework Afterwards the 
wheelwright rapidly cools the iron by some such 
device as lowering the whole wheel into a tank of 
cold water The iron then shrinks and grips the 
wood wosk firmly, and at the same time drives home 
all the joints in the framework 

Another application of this principle is the method 
used b)' property repairers to draw together the 
gable ends of a house which is in a state of collapse 
To do this a long iron bar having a screw thread 
at each end is passed through the house and pro 
jects through each gable-end Plates fit on the bar 
and are screwed to the walls by means of nuts 
(Picture 99) The bar is generally made hot by 
wrapping it round with oil-soaked rags which are 
then fired Whilst hot and expanded the nuts are 
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tightened, and then the bar is quickly cooled by 
pouring water over it The force of contraction draus 
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tightly as possible 


the plates together, and at 
the same time the walls 
are drawn towards each 
other also 

The boilermaker uses 
his rivets whilst they are 
red-hot and expanded, 
making them grip the 
plates he is fastening as 
the rivets cool they con- 


tract, and the plates are more securely clamped than is 


possible when human force only is applied 


Further Experiments. 

1 Place a brass rod projecting over the edge of a table 

so that it just balances Now heal the projecting portion 
Explain \> bat you observe • 

2 Stretch a metal wire between two vices Attach a 
paper pointer to its mid point Now, without burning the 
pointer, beat the wire and explain what you observe 

3 Pepeat Experiment 2, using a piece of mdta rubber Is 
the result the same 1 

4 Loosen a glass stopper from the neck of a bottle in 
which it fits tightly Use a method which la not dangerous 

5 Arrange a metal poker so that one end is fixed firmly m 
a block of wood and the free endiests on a round cork, which 
IS itself resting on its side on a wooden box Attach a paper 
pomtec to the cork and heat the poker over a gas jet Ex 
plain the motion of the pointer (a) whilst the heating takes 
place, (&) as the poker cools 
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14 . How Temperature May Be 
Measured. 

We have all seen the small celluloid ball which is 
used for table tennis It is ver)' light and eistly 
crushed out of shape Is it possible to restore a ball 
when damaged in this waj ? Let us see Hold it in 
front of a fire and w'lrm it gentl) — /or ctUuhtd ts 
very tnfianmabU If this is done witli caix there is 
no danger to be feared, and in a moment or two 
the ball regains its sphencal form Useful as this 
hint is, we may discover a greater interest in the 
reason for its eflectiveness We have already noted 
many instances of how a gas occupies the viholc of the 
space Within its container This wc have attributed 
to the absence of cohesion between its molecules 
A famous scientist named Graham, lias considered 
the behaviour of gas molecules when they are enclosed 
m a vessel, and has propounded a very probable 
theory of what happens Wc can illustrate his theory 
in this way' Imagine each molecule of air in the 
crushed ball as a little imp shut up in a prison with 
millions of minute neighbours Regard each of the 
imps as a gymnast who ts ahKays moving about at a 
tremendous rate, rubbing shoulders w ith his neighbours, 
and, after a zig*zag path, striding the wall of lus 
All day and all night there roust be great 
in that prison A remarkable thing about 
imps IS that they_^ncvcr rest and yet they . 

WAII — * 



130 How Temperature May Be Measured 

When an imp rushes against the prison wall he 
rebounds with exactly the same velocity as he struck 
it Imagine what it will be like now that the 
walls of the prison are pushed in The poor imps 
must now do their gymnastics m less space than they 
have been accustomed to Although they beat against 
the prison wall they cannot push it back Truly this 
IS a serious state of affairs ! There is one way in 
which we can help the poor imps to regain the space 
they have lost. Like a good many ordinary folk, 
the imps work harder and jump faster when they 
are warm Warm imps will jump against their prison 
wall more frequently in a definite time and with a 
much greater velocity than they will when they are 
cold In order to supply the imps with warmth we 
must heat the prison wall from the outside, and it is 
found that the heat passes to the inside On receiving 
the warmth their gymnastics become more vigorous, 
and by sinking the wall oflener and harder.they push 
it back to its former position This is something 
like what happens to the molecules of the air inside 
the celluloid ball The heating has caused the air 
to occupy a greater space, and hence the ball becomes 
round once more What is true of air is true of all 
gases — they expand when heated 

At the pantomime it is a favourite joke of the clown 
to place a small sausage shaped balloon in a frying- 
pan, and warm it over a candle The heat of the 
candle flame passes tlirough the metal of the pan 
and through the skin of the balloon, and thus reaches 
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the air inside The air expands, and the balloon 
swells and swells till it strains the skin so much that 
the balloon bursts with a loud report 

When once a gas has been expanded by heating, 
does It continue in its expanded state ? The clown’s 
balloon gives us no answer to this question We 
can, however, test this by a simple apparatus Take 
a thin glass flask — the kind used for holding olive 
oil will answer the purpose very well {Picture lOo) 
Select a cork which fits 
tightly in the neck of the 
flask, and having bored i^ 
carefully pass through it a 
glass tube drawn out to a 
fine jet at one end The 
tube must be so arranged 
that when the stopper is in 
the neck the jet is well 
within the flask If any 
difficulty is experienced in 
obtaining a glass tube, a suitable substitute can be 
made by using a long, hollow goose quill Now 
warm the flask only m front of the fire until it is so 
hot that it must be held m a cloth Consider what 
has happened Much of the air in the flask has 
been expelled by heating, and the air remaining in 
It IS hot and expanded Now insert the cork and 
tube, and then invert the whole so that the open end 
of the tube dips into a basin of water (An ordmaiy 
household basin will do Coloured water is more 
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spectacular.) From this moment onwards the air 
begins to cool. Does it contract as it cools? What 
do we expect to take place? There will be a smaller 
pressure inside the flask than outside. No air can 
enter the flask because the entrance tube is below 
the water surface. From what we know of air pres- 
sure, we shall expect the water to be forced up the 
tube and into the flask until the air in it is at the 
same pressure as the outside air. As we watch we 
see that this is actually taking place, and a very 
pretty fountain is playing within the flask. In a 
short time this fountain ceases. Does the water fill 
the whole flask? No, there is a layer of air above ib 
There is only a small quantity, it is true, and yet not 
long ago this same air was hot, and occupying the 
whole vessel. From this we can safely assert that, 
while the pressure remains constant, a gas contracts 
when it cools. 

Like most natural phenomena, the behaviour of 
gases on heating is sometimes convenient for us in 
our everyday life — and sometimes otherwise. The 
cyclist does not need to inflate his tyres so much in 
hot weather as in winter, because he can allow for the 
effect of the sun’s rays heating the air within. For 
the same reason a football is liable to be flabby when 
in use, if it has been inflated tightly in a very hot 
room. It is the expansion of the gas with which 
soda-water is charged that causes siphons of this 
beverage to burst during hot weather. Makers of 
the gas called oxygen store it in the strongest steel 
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cylinders, but, as a precaution against expansion, 
they advise purchasers to store the cylinders in a 
cool place 

One of the economies effected by the army 
authorities during the Great War depended upon 
the expansion of a gas when heated The gas, 
chlorine, which was widely used in gas attacks, was 
sent out to France stored in large metal cylinders. 
When these were returned it was often found that 
they still contained a small quantity of chlorine. 
Some one suggested that this wastage could be 
avoided if the cylinders were kept warm when in use, 
for then almost the whole of the gas would leave the 
cylinders This was tried, and the efficiency of the 
British gas attacks was greatly increased in eonse 
quence Unfortunately, many casualties were caused 
in our own ranks by the force of the expansion of 
this gas. Several cases occurred where the heat from 
the breech of a gun, which was used to fire gas filled 
bombs, was sufficient to expand the gas m the bombs 
so much that a disastrous explosion was caused 
Occasionally we read in the newspapers of similar 
tragedies when unthinking houseivnes ha\e attempted 
to heat stoppered bed warmers in a hot oven 

The degree of expansion of a gas when heated was 
first discovered by a French chemist called M Charles 
This experimenter found that, for the same nse of 
temperature, all gases expand cquallj His apparatus 
was very intricate and expensive, 6ut we can arrive 
at a similar result by using our powers of observation 
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The gas-holders of lai^e gas-works often remain 
charged for days together without any gas being 
either withdrawn or added {Ptcture loi). On ex- 
amination from the outside it will be found that 



these gas-holders are usually provided with a vertical 
scale marked on them in feet and quarter-feet Let 
us visit one on a certain day when the weather is 
cool, and we may find the 27-feet mark just visible 
above the water-tank in which the gas-holder floats. 
Also observe on a centigrade thermometer the tem- 
perature in the street for that day. We must now 
wait until the weather is such that the thermometer 
records a temperature two degrees higher than before 
Again let us visit the gas-works, and we find that 
the gas-holder has risen to the point where the mark 
showing 27 ft 3 ins is almost visible This rise is 
due to the expansion of the gas within the gas- 
holder, and the expansion is itself due to the in- 
creased warmth of the atmosphere. From these 
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figures we may calculate the fractional increase of 
the gas for one degree increase m temperature Our 
result IS almost identical with that of M Charles, 
> rH of the volume of the gas at o* C for every 
r C rise in temperature 

We have seen that, when heated, sohds expand a 
little and gases very much Let us now consider what 
IS the effect of heating liquids To investigate this 
we may use the flask and tube which we prepared for 
the experiment to show how gases contract when 
cooled (Picture lOo) First of all, fill this flask with 
coloured water Then, by pressing m the stopper 
and tube we shall cause the liquid to rise m the 
tube A strip of paper may be easily fixed, as shown 
(Picture 102), and on it we may record the height of 
the liquid Place the flask m a pan 
of hot water Heat begins at once 
to pass through the glass to the liquid 
inside Mote «hat happens to the 
level of the liquid It falls, because 
the heat causes the flask to expand 
first, and the liquid must accommodate 
Itself to the increased capacity of the 
flask After this stage the liquid m 
the tube rises, because the water ex- 
pands to a greater extent and more 
rapid!) than the flask Again note 
the height of the liquid m the lube Nou cool the 
flask antf its contents m a basin orcofd" water ^^^!ftaf 
happens? The liquid runs down the tube and is 
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obviously contracted If the flask is cooled in air it 
IS seen that the level of the liquid gradually returns 
to the place it occupied at first How do we explain 
these results? Could we use our instrument to 
decide which was the hotter of two baths of water? 
Answers to these questions readily suggest themselves 
All liquids do not expand equally We can de- 
monstrate this by constructing a second instrument 
exactly like the one we have just used, but this time 
using methylated spirit or turpentine instead of water 
When the two flasks are placed in the same hot bath 
we soon see the difference in the heights reached by 
the two liquids The spmt rises more than the 
water What does this indicate? 

It may be thought that the flask and tube in- 
strument would be a convenient arrangement for 
comparing the degree of hotness of two water baths 
In practice, however, there are one or two serious 
objections to this instrument One is that it takes 
a considerable time to warm all the water within the 
flask, and during that time the bath outside the 
flask IS cooling This objection can be overcome by 
using a small bulb on the end of the tube instead 
of a flask By using thin glass we gam the additional 
advantage that the heat passes quickly to the liquid 
in the bulb We have still to overcome the difficulty 
that, owing to the width of the tube, the rise of the 
liquid IS not very marked If we use a tube of very 
narrow bore this objection is avoided, and slight cx- 
^ pansions are recorded by a rise of liquid which is 
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quite noticeable. When mercury or alcohol is sub- 
stituted for the water in the bulb the variations are 
still more pronounced. There is another Improve- 
ment we can make in our instrument, and that is by 
withdrawing the air from the tube and sealing up 
the end. If we do this we further reduce resistance 
to the rise of the expanded liquid. Finally, a scale 
etched on the glass, or dxed behind the tube, makes 
it easy for us to read the amount of expansion which 
takes place. 



Picture 103. Picture IM. PicUire 105. 


Such an instrument is known as a Thermometer 
iPtcturcs 103, 104, to5), and is very useful in 
estimating the degree of hotness of a substance ih 
which its bulb is immersed. It is found contenicnt 
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to fix the scale by dmdmg the length of the tube 
into equal parts To do this, “fixed points,’ as they 
are called, must be determined The fixed points 
are (i) the height at which the liquid stands in 
the tube when the bulb is surrounded by melting 
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Picture 106 


ice — this point is known as the freezing point , and 
(2) the height at which the liquid stands when the 
bulb IS surrounded by steam — this point is known as 
the hoilmg point Under either of the conditions 
we have named the liquid will remain quite steady 
Having marked these points the distance between 
them IS subdivided If the divisions are firr 
total distance, the scale is said to be a centigrade 
scale, and the lower fixed point is the zero mark on 
the scale This is the scale used by scientists the 
world over, and by ordinary people in lands which 
have adopted the Metric System If the distance 
between the fixed points is divided into 180 equal 
divisions, and the lower fixed point labelled 32*, the 
scale IS a Fahrenheit scale This scale is adopted 
for general purposes m the British Isles 

Many adaptations of the thermometer are in use, 
but all of them depend on the same principle In 
our homes we sometimes see alcohol thermometers 
mounted in wooden holders, but in chemical works 
chemists use delicate mercury thermometers for their 
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experiments The student of geographj uses a 
specially constructed thermometer to record the 
maximum and minimum temperatures of the outside 
(picture 103), the baker has an oven thermometer, 
the poultry farmer an incubator thermometer, and the 
doctor, when he wishes to tell the temperature of our 
blood, uses a clinical thermometer {Pictun 106) In 
the clinical thermometer the tube is so made that 
when once the mercury has expanded and left the 
bulb It cannot return, even when cooled, unless a 
sharp jerk is given to the instrument 


Further Experiments. 

1 Fit up an apparatus which can be used to find which la 
the hotter of two Mths of Hater bow uso your apparatus 
for tins purpose 

2 Press corks lightly into iho ends of an iron pipe. Placo 
the pipe o%'cr a lighted gas-jet. Explain what you discover 

3 Slight!) loflato a toy balloon and then hang it in the 
warm sunshine ^Vhat explanation vriU account for iho 
observations you are able to mokel 

4 Fill a bottle, having a well fitting stopper which is bored 
with a fine hole, with coloured water so that the bottle and 
tbo hole in its neck are full of coloured liquid Placo tbo 
borlv of the bottle in a vessel of hot water for a few minutes , 
and then withdraw it and allow it to cool Kotiee the 
amount of liquid remaming in tho bottle How may the 
difFi.rencc bo explainedt 

5 Fiff a stnaff bfa fder with water an«f hang it in a pan 01 ' 
boiling water Ivxplam wliat happens to the bladder 
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15. Why Clothes Keep Us Warm. 

When we leave a poker with one end in the fire 
for some time, we know that before long the other 
end becomes so hot that we hesitate to grip it with 
the hand The heat of the fire has passed from one 
end of the metal to the other Why is this? 

To answer this question we nust refer to what we 
have learned about the %vay matter is constituted Let 
us imagine that the molecules of which the metal is 
composed can be magnified so as to be seen with the 
eye Each molecule appears like a marble resting 
against other marbles Now imagine a row of marbles, 
all hung in a line from separate strings, so that each 
marble touches the next one We know that if we 
set the end marble swinging it will strike its nearest 
neighbour and bounce away again at the same time 
causing the second marble to swing Tha swinging 
motion is passed from the second to the third marble, 
and so on down the line, to the marble at the opposite 
end, which is soon swinging to and fro This is 
exactly what has been taking place with the molecules 
of the poker The heat of the fire at one end has 
caused the molecules in that neighbourhood to begin 
to swing vigorously, and this vibration has been taken 
up throughout the whole length, and so has passed 
from one end to the other 

The vibration of the molecules at any part of the 
poker causes that part of the metal to become hot. 
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the degree of hotness depending upon the rate of the 
suing of the molecules There are, of course, no 
actual strings from which the molecules are suspended, 
but the movement takes place as though there were. 
We notice in the experiment with the line of marbles, 
that although the vibration passes from one end of 
the line to the other, each separate marble is only 
very slightly displaced by the process In the same 
way each molecule in the poker does not move over 
a distance greater than an extremely small fraction 
of a millimetre, aithouglji the heat is transferred many 
thousand times this distance. 

Transference of heat in solids by this method is 
known as cocductios, and the substance through 
which the heat passes is known as a conductor of 
heat 

Let us put two similar pokers, say one of brass 
and one of iron, into the fire 
so that their ends project equal 
distances outwards {Pteture 
toy) Now balance the head 
of a match on the end of 
each of them We find that 
in a short time sufiicient heat 
IS conducted along the pokers 
to fire the match-heads The 
one resting on the brass takes 
ifre 6ei?)re tAat on tAe non, 
showing that heat has passed 
through the brass more rapidiy than through the iron 
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Similarly, if we put two spoons, one made of silver 
and one of bone, into a cup of hot tea, we find that the 
heat passes more quickly through the silver spoon 
than through the bone one Because of this difference 
in power of conduction or conductivity we say that 
silver IS a better conductor than bone, and brass a 
better conductor than iron 

Some materials are very poor conductors So poor 
a conductor is wood, for example, that a burning 
match can be held in the hand without inconvenience 
until the flame is only a very short distance from the 
finger tips This shows clearly that hardly any heat 
IS conducted along the splint Glass also is a poor 
conductor, for a glass blower, having made one end 
of a three inch tube red hot, can place the opposite 
end between his lips so as to blow a bulb on the tube 
Straw IS another material of low conductivity, hence 
Its use as bedding for cattle, and, when woven together, 
as mats for dishes We find it more comfortable to 
step from a warm bath on to a cork bath mat than 
on to a piece of linoleum Why? The cork does 
not readily conduct heat from the soles of the feet, and 
so cause them to feel cold as the linoleum does 
Engineers surround steam pipes and engine cylinders 
with "non conducting" packing to prevent loss of heat 
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twenty four pennies, so as to make a metal cylinder 
surrounded by paper, and make a similar package, 
by wrapping a short length of wooden blind roller in 
paper Hold each in turn over a gas jet The second 
cylinder is very soon scorched, but the package of 
coins IS not scorched for some time This is because 
the heat is carried away from the paper more rapidly 
by the metal of the coins than it is by the wood 

Pick up a garden spade on a cold day It feels 
very cold when we grasp the metal part, but less 
cold if we grip the wooden handle This is because 
the heat of the hand is more rapidly conducted away 
by the metal than by the wood The difference of 
conductivity explains why the body of a metal teapot 
becomes unbearably hot to the hand, although the 
ebony handle is scarcely warm In some metal tea* 
pots the handle is made of metal also, and yet it does 
not get warm, for it is joined to the hot vessel by two 
studs, made of substances such as bone or ebony, 
which have low conductivities A smokers pipe can 
be held between the teeth m comfort, for, although 
the burning tobacco may make the bowl of the pipe 
very hot, the vulcanite of the stem is such a feeble 
conductor that little or no heat passes along it 
The conduction of heat plays an important part in 
our lives Our dishes, pans, kettles, and other cooking 
utensils must be made from good conducting material, 
so that their contents may be easily warmed For 
the same reason the bottom or an oven is made at' 
iron, but, to prevent heat escaping after the oven 
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has been made hot, its sides and top are often 
lined with firebrick or asbestos, both of which are 
poor conductors. 

Asbestos is such a poor conducting substance that 
it has been widely used as a building material, after 
it has been pressed into sheets which can be nailed 
on a wooden frame-work. An asbestos building is 
found to be very cool in summer, for the sun’s heat 
is not conducted to the interior; but, in winter, the 
warmth is kept inside, because the walls do not 
conduct the heat away to the outer air. 

One of the most romantic stories in the history of 
science is that of the Invention of the Miner’s Safety 
Lamp. This is due to Sir Humphrey Davy, a scientist, 
who was convinced that much of the danger in coal- 
mines could be avoided if miners were provided with 
lamps which could not cause an explosion. In a coal- 
mine there is constant danger of explosion, owing to 
the presence of fire-damp, a poisonous gas w'hich 
oozes from the coal-seams and forms with the air a 
highly explosive mixture. Up to the time of Davy 
many lives had been lost in the pits, because the 
naked lights carried by the miners caused sudden 
explosions. In many pits fire-damp accumulated to 
such an extent that the workings had to be closed. 
Many unsuccessful efforts had been made to overcome 
the difficulty before Davy took up the problem. After 
months of patient experimenting he felt sure at last 
that he was on the track which would lead to a 
solution. He had discovered that when wire is woven 
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into gauze it does not allow a flame to pass through 
it, even though the atmosphere on the other side of 
the gauze may be inflammable This is because the 
wire of the gauze conducts the heat of the flame 
away so rapidly that the gas on the opposite side of 
the gauze does not get hot enough to ignite Davy, 
therefore, made a lamp chimney in the form of a gauze 
cylinder, having one end closed with a brass plate 
{Picture to8) He attached this chimney to an ordinary 
miner’s lamp, and by this simple means made it proof 
against explosion 

Many mine-owners to whom Davy showed his in- 
vention were sceptical about it, so a trial was arranged 
A story is told that a mine was selected 
which had been closed because of the 
presence of fire-damp. First of all a 
cage containing a live mouse was lowered 
down the shaft and kept there for a 
few minutes When the cage was drawn 
up to the surface again the mouse lay 
dead at the bottom of the cage It ivas 

quite clear that the mouse had been 
^ Pictnro lOS. 

poisoned by the fire damp m the mine 

One of Davy’s lamps was now lighted and lowered 
into the explosive gas to the same depth as the 
cage had been Everyone waited anxiously, many 
expecting to hear the report of a loud explosion, 
but everything remained still and quiet The lamp 
was withdrawn and found to be burning as brightly as 
It had remained burning e\en when fire damp 
WAD — K 



ever 



146 Why Clothes Keep Us Warm 

was present and yet no explosion had taken place. 
Thus had man achieved one more triumph After 
this, thousands of similar lamps were made, and 
an Act of Parliament was passed forbidding the use 
of a naked light in mines where the air was known 
to be fiery because of the presence of fire damp 
To day the miners still use Davy lamps which have 
been improved by adding a clear glass window to 
the gauze chimney Another great advantage of the 
Davj lamp is that the miner can judge b> the flame 
of his lamp whether he is in a danger zone, for 
when there is much firedamp present m the air, it 
passes into the flame and bums round it m the form 
of a long blue cone When the miner notices this 
he IS made aware of the presence of the poisonous 
gas and quickly withdraws to a place of safety 
Heat may be conveyed also through liquids by 
conduction but, with the exccp 
tion of raercurj', most liquids are 
poor conductors Wecan illustrate 
the low conductivity of methylated 
spirit by pouring it over a few 
raisins m the bottom of a shallow 
bowl and then igniting the liquid 
by throwing a burning match into 
It {Picture 109 ) Whilst the flames 
are leaping up, we can withdraw a 
raisin from the bottom of the bowl by means of a 
fork The raism can be put in the mouth and eaten 
at once, for it is quite cold The heat of the spirit 
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burning on the surface has not been conducted through 
the liquid to the raisins. 

The following experiment should only be attempted 
by experts : Hold a few drops of spirit in the palm 
of the hand, and light it with a burning match It 
produces the illusion of holding fire in the palm of 
the hand. In this experiment the palm is quite cool, 
because the heat of the flames does not pass by 
conductivity through the liquid layer. 

Water has a very low degree 
of conductivity, and it is possible 
to weight a piece of ice so that 
It falls to the bottom of a vessel, 
and remains there unmelted, whilst 
the surface water is made to boi! 
by heating with a gas or candle 
flame {Picture no) 

Of all gases air is almost the 
poorest ednductor. We can show 
this by holding a heap of coarse powder like plaster 
of Pans or sand in the palm of the hand, and placing 
on the heap a small iron ball which has been heated 
m the fire {Picture in) Pro- 
vided the ball is not too heavy, 
it rests on the powder without 
scorching the hand If the powder 
is compressed to a cake by the 
we^ht of the ball, the hand soon 
becomes unbearably hot. Whilst the plaster remains 
as a coarse poi\der the heat of the ball does not pass 




picture tlO 
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easily through the small air pockets, but when the air- 
pockets are removed by compression, the hard solid 
conducts the heat quickly to the hand 

The cavity which is generally left between the 
inner and outer sections of the walls of our houses 
serves as a bad conductor round them, and so helps 
to keep our rooms cool m hot weather and warm m 
cold weather This principle is also applied in con- 
structing meat safes and refrigerators, which are 
built with double walls having an air space between 
Often cork dust or sawdust is placed m the cavity 
to increase the number of air pockets, which prevent 
heat escaping or entenng In very cold countries 
like Canada loss of heat by conduction of the wall 
materials is made as low as possible by the air-pocket 
method, and even the windows are made double with 
an air space between them 

In places where fuel is scarce and expensne, cook- 
ing IS oflen earned out by using a hay-box The 
joint or the stew is first heated in the ordinary way 
until It is almost cooked Then the conking vessel 
IS removed and placed m a box where it is sur- 
rounded by hay The lid is securely fastened down, 
and the air pockets made by the hay retain the heat, 
so that the cooking proceeds until the food is ready 
to be served 

We do not usually think of snow as a warm sub- 
stance, but it forms enough air pockets as it lies on 
the ground in winter to prevent the warmth of the 
earth escaping to the cold atmosphere In tins way 
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It serves as a blanket, protecting the tender roots and 
seeds which he just below the earths surface The 
Esquimaux find their huts, bmlt from slabs of com 
pressed snow, quite comfortable during the Arctic 
Winter Many cases are known where sheep have 
been dug out from deep snow drifts, in which they 
have been buried for days and have been found 
little the worse for their experience 

The wrapping of the spout of a pump with straw 
in winter is effective because of the poor conductivity 
of the air which is enclosed among the fibres of the 
straw In hot weather ice is covered with sackcloth 
to prevent the heat of the outer air passing to the 
ice and causing it to melt 

In our choice of clothes and bedding material we 
depend very much on the poor conductivity of air. 
Eiderdowns and blankets keep us warm in bed be 
cause the materials of which they are made enclose 
air which does not allow the heat of our bodies to 
be earned away Our winter clothes are chosen for 
exactly the same reason The poor conducting power 
of air also explains why light cellular fabrics are 
often quite as warm as heavier clothing A pair of 
loose-fitting gloves feels wanner than closely fitting 
ones because the layer of enclosed air prevents the 
heat of the hands from being conducted away We 
can now understand how nature has provided many 
birds and animals with protection against severe 
weather The sheep has its fleece , the bear has its 
thick fur, the duck, the hen and other birds have 
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their downy feathers — all these creatures are pro 
tected by the air pockets caused by their covering 


Further Experiments. 

1 Wrap a lump o! ice and a hot firebrick in separata 
pieces of blanket for half an hour Remove the rappers 
and state what you observe "What is the function of the 
blanket m each case^ 

2 Coat the handles of spoons of silver, plated nickel, and 
bone with a thm layer of wax Place all three spoons in the 
same vessel of hot water, but keep the handles out of the 
water On which spoon does the wax melt first? How do 
you account for this 1 

3 Place a pint of water m each of three equally sized pans 
—one of iron, one of copper, and one of aluminium Heat 
them one after another over the same gas jet Notice the 
times taken to boil the water in each Explain the result 

4 Attach a marble to tho lowest point of a test tube by 
means of wax. Place mercuiy m the tube Insert a red hot 
wire, and notice what happens to the marble Explain this 

5 Turn on a gas jet and hold a wire gauze above it. 
Light the gas above the gauze What happens to the gas 
below the gauze? Will it ever ignite? If the gas below the 
gauze IS first ignited what happens? Is there gas above the 
gauze now ? Can it be ignited ? 
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16 . How the Bath Water Becomes 
Hot. 

The modern steam engine, invented by James Watt, 
produced a revolution in the industnal world It is 
said that, as a boy, Watt discovered the power of steam 
when watching the behaviour of a kettle lid as water 
boiled in the kettle 

From the simplest sources wonderful discoveries 
often spring Let us consider an operation similar to 
that which gave Watt his idea of steam*power, and 
try to discover for ourselves some of the wonders 
it reveals We have often seen coffee brewed at 
home A pan of cold water is set on the fire 
and when the water is warmed, a quantity of ground 
coffee IS sprinkled into it Now look carefully and 
It will be seen that most of the grains are floating 
on the surface of the water, and remain there until 
the liquid is very hot At this stage they are drawn 
down into the liquid, but reappear after a short time 
This process continues until the liquid boils Then 
we see the coffee grains swirling about rapidly by the 
commotion set up as the water changes into steam 

What reason can we find for this behaviour? A 
simple experiment will make it clearer Take a thin 
glass vessel, the thinner the better, and on the bottom 
of It sprinkle a little red chalk dust Cover this with a 
layer of water three or four inches deep Now place the 
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vessel over a gas jet, or candle, and arrange an asbestos 
'boiling mnt between a small 
flame and the vessel {Picture 
112 ) Graduall/ the water gets 
wanner and wc notice that the 
chalk grains, just above the 
heated spot, begin to rise to the 
top Here they spread out, and 
then fall gradually down the 
colder sides of the vessel, thus 
Picture 112. returning to the heated region 

As the heating continues we find that the chalk*dust 
moves more and more rapidly 
We know that the chalk cannot move of its own 
accord, but it is so light that any movement of the 
water will carry it along We conclude, therefore, 
that the path of the solid particles is the direction 
of the movement of the water If we are fortunate 
enough to have a beam of sunlight passing through 
a glass vessel in which water is being heated, we 
can see by the shadows that the water is moving 
just as the chalk dust indicated in our previous 
experiment 

W-e have still to enquire why heating should cause 
a liquid to move It is important to observe first 
of all that the water rises from the heated region 
Now, we have already noted that most substances 
expand when heated, and this is true of the lower 
layers of water in the glass vessel The heated water 
becomes lighter bulk for bulk than the water above 
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It, and consequently rises in the vessel Other water 
must flow into the heated region to take the place 
of the water which has moved upwards. As this 
process continues the whole of the liquid soon begins 
to move round and round 

Whilst each particle of water is rising from the 
heated area, it is continually giving out some of its 
heat to warm other parts of the liquid The coolest 
part of the liquid is therefore at its surface, which 
only becomes warm by the motion of the warm 
particles from the bottom of the vessel 

This wonderful process is known as convection 
(Latin ccn, along with , vectus, earned), because the 
actual particles of the substance move and are earned 
away Such a method of carrying heat cannot take 
place in solids, for the particles of solids are not of 
themselves free to move very far on account of 
cohesion, but must return to their former positions 
after any vibration due to heating In liquids and 
gases, however, convection currents are easily set up, 
but in solids heat is transferred by conduction, as was 
explained m Chapter 1$ 

Convection in liquids serves a double purpose m 
helping man The currents may be employed in 
carrj mg heat to a cold place, and also in conveying 
heat away from a hot place 

A novelty which we can devise for ourselves will 
help to make this clearer Fold a piece of stout 
drawing paper so as to form a rectangular box, and 
stitch the sides to make them secure Make a holder 
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for this box hy bending one end of a long piece of 
iron wire, and then coil the free end 
round a candle {Picture 113) The box 
thus rests above the wick. Now fix the 
candle in a candlestick, fill the box with 
water, and light the candle We might 
expect the paper of the box to be 
scorched^ but a careful examination will 
show that It IS not damaged at all by 
the flame In a minute or two the water 
in the box is boiling quite merrily The 
Keture U3 water inside the box carries away the 
heat of the candle flame by convection, so that the 
paper is not even singed the heat is used up m 
boiling the water 

This 18 the principle of the cooling jacket of water 
which surrounds the cylinders of a motor car {Picture 
1 14) Whilst the engine of the car is running the 
cylinders become very hot, 
and the water m the jacket 
IS heated This heated water 
moves away, and its place is 
taken up by cooler water 
After this IS heated it also 
moves away to the cooler 
region of the radiator In Pictata IM 

succession these heated portions move away, become 
cool and return again to help in cooling the cylinder 
One of the best methods of heating the rooms of 
a large building is to have in the basement a furnace 
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which heats the water contained in a boiler The 
water becomes verj hot and rises by comection to 
the upper stories, passing through coils of pipes, 
which help to distribute its heat Where this system 
IS used the first floor rooms always get warm before 
the upper rooms Why is this? 

By the time the hot water has travelled to the place 


farthest away from the furnace 
It has become much cooler 
and heavier, and it gradually 
sinks back to the boiler to be 
again heated In a central 
heating system, two pipes are 
always connected with the 
boiler One is generally so 
hot that It IS uncomfortable 
to touch w ith the naked hand, 
whilst the other is cool 
One of these pipes is joined 
on to the upper part of the 
boiler, and the other is con 
nected with the lower part 
How can \\c account for this 
arrangement ? Which of the 
pipes do we cvpect to be 



the hotter? 


In houses where hot water is required for baths and 
lai atones the boiler is generally situated behind the 
kitchen fire, and heated water passes upw ards to a large 
copper tank in one of the higher rooms {Picture ris) 


156 How the Bath Water Becomes Hot 

There is also a cistern in a still higher part of the 
house, and from this, cold water is supplied to the 
tank When the kitchen fire is burning convection 
currents are set up very quickly and warm all the 
water in the circulating tank When some of this 
warm water is drawn off, say at the bath room tap, 
cold water flows into the tank from the cistern, so that 
there is always a good circulation of water If we 
listen carefully near the tank we can often hear the 
murmur of the circulating water 

It IS interesting to study the way the plumber has 
arranged the pipes leading to and from the circulating 
tank, and from their positions to decide the function 
of each pipe 

A boiler which has been m use for some time may 
become choked with a hard, scaly substance, which 
should be removed How is this to be done? To 
take out the boiler and renew it would be an expensive 
undertaking , but, unless this is done, the gniy way 
to the interior is by the feed pipes Under these 
circumstances a wise householder dissolves a pound 
or so of alum m the water of the cistern at the top 
of the house By running out water at the hot water 
tap, the alum solution flows down into the circulating 
tank Every tap is now closed, and for an hour 
or two the kitchen fire is well stoked The alum 
solution circulates round and round and, when in 
the boiler, it dissolves the scale When the hot- 
water taps are again opened, the liquid which runs 
to waste carries with it the objectionable scale in 
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soluuon The path taken .n the p.pes by the alum 
solutmn .s the d.rect.on of the flow of the convect.on 

Traetful as .s th.s method of watm.ng hu.ld.ngs 
. cannot compare w.th the wonder of tho warmmg 
of a contment All the year round the water 
the ocean ts movmR If d rema.ned stagnant many 
marme plants and fishes would die, and som p 
of the 'ca would become much more salty 
le'rsVhut tnore than . h, s, the. imam 
countries would be bitterly cold Tha chie 

The result is that conve'“on cur 
between- these two '=8'°"= ^ jj^^h and South, 

the ocean does not move dir J because the 

from Pole prevailing 

rdTaTre fhfp: :f .be land masses^ into 
the sea all modify ,h= 

A map (Picterc ii6) “f ‘b' haopens The 

Atlantic will illustrate what actual y ^ 

water in the Gulf of by the sun's 

system of surface t„,y direction m a 

rays, and moves m a As it 

swift current known as 
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moves more and more northwards it loses much of 
Its heat, but uhen it reaches Europe it is stiH 
moderately warm The Atlantic Drift, as the current 
IS now known, washes the coast line of Great Britain 
and tempers what would otherwise be a cold climate. 
It IS because of this action that the Gulf of Mexico 
has been popularly called the “ Boiler ‘house of Great 
Britain " 

Since water is constantly moving auay from the 



OCEAN CURRENTS IN THE ATLANTIC 


Picture 116 


tropical seas, cold water must flow towards them from 
the polar regions This compensation is supplied, m 
the case of the West Atlantic, by a stream of uater 
known as the Labrador Current. This current passes 
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Labrador travels southward as far as Cape Hatters 
on the North American coast, probably cuts horizontal y 
through the stream from the Gulf of Mexico and .s, 
as a consequence, heated and sent on its way across 
the Atlantic. 

The warm currents of the ocean often exercise an 
important influence on the commerce of a county 
The amount of trading possible is decreased when 
ports are icebound for a portion of the yea 
Lmmerfest, m Nonvay. m spite of its nearness m 
the North Pole, is an open port all t e ye • 

because the warm Atlantic current ^ 

On the other hand, the entrant to the Ba t e Sea. 
which IS farther away from the Norm 
Hammerfest, is blocked with ice for „ 

of the year as it receives no warm ocean cuirenU 
Anain the warm Atlantic Dnft accounts for the 
t m England, whilst the Canadian ^rts on 

the River St Lawrence, even “'“Ugh m a lower 
latitude, are closed for some 
because the warm currents o 
reach them 

Further Experiments 

, Try to hod a pan of ™ter by henling it from .bore 

Doyouincccedi If not. wbj nott of . 

2 Place an empty 'fB*ell >^5 jji „„thcr sM 

Sre Notice how qiiicUj rt^> „ I, itjoirched 

•With •water and place it m How » this explained! 

as quickly os the empty sbelll How “ the pan 

3 Float . piece -f '» ■» ^^^jjmeltt 
o^ver a fire Ilow and why o 




17. Why a Room May Be Draughty. 

On a sheet of stiff paper draw a spiral, varying the 
pattern so that the outer end of it represents the 
head of a snake {Picture i ry) 
Decorate the paper by paint- 
ing It to represent a snake’s 
skin and then cut along the 
line drawn Now hold up 
the paper by a loop of thread 
passed through the centre 
{Picture 1 1 8) It will have 
the appearance of a coiled 
i« ure 117 snake hanging downwards by 

the tail Hang the "snake” a short distance above 
a lighted candle, but be careful that it does not catch 
fire Notice that the snake twists round 
and round with a peculiar writhing motion 
Extinguish the candle, the writhing and 
turning become less vigorous, and in a 
few moments cease altogether When 
the candle is relighted the snake’s motion 
begins again Can we explain why this 
happens ? 

We may conclude that the motion of 

the paper is produced in some way by the ; 

candle flame This is quite true, and if %\e ^'cture 118 
hold one hand just above the lighted candle we can 
feel the heat for ourselves Of course, it is not \ery 
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intense It feels as though a stream of warm atr were 
flowing towards the hand from the region of the flame 
This upward movement of warm air was the cause of 
the paper turning round and round 
Let us collect illustrations of the fact that heated 
air rises One of the simplest is the behaviour of 
small particles of soot m a chimney Another is the 
quivering appearance of objects when looked at across 
a hot coke fire or a hme-kiln This apparent quivering 
IS due to the hot air which rises from the fire and 
causes the unequal bending of the rays of light passing 
from the objects to our eyes In shop windows we 
often see attractive advertisements which illustrate the 
effect of heated air when rising 
A piece of transparent tracing 
paper, with the advertisement 
printed on it, is attached to a 
small disc of cardboard to form a 
shape like.a tumh\Qr {Picture iip) 

This disc js cut in such a way 
that parts of it can be turned 
upwards to act as a propeller 
The whole is now placed over an upright electric lamp 
so as to balance on the topmost point of the bulb 
When the light is switched on the lamp ser\es two 
purposes (i) it illuminates the ad\ertisement, and 
( 2 ) when it is warm it causes the air around it to 
become warm and to rise In escaping through the 
top the heated air presses against the cardboarb'vanvSi 
and the disc with its attached advertisement 




162 Why a Room May Be Draughty 

to rotate The effect is very striking and attracts 
attention Another illustration of the same principle 
IS seen in the cowls or smoke preventers fixed on the 
tops of chimneys These are made to rotate by the 
heated air which ascends the chimney from the fire 
Let us now enquire what happens to the air after 
It has been made to rise by heating Of course we 
cannot see the air itself moving but we can judge 
the direction of the air current if we obtain a veiy 
light object to act as an indicator Release a small 
piece of thin paper, like a cigarette paper, above a 
hot oil stove The paper floats up into the air for 
a considerable distance and then begins to fall again 
Notice that the rate at which it falls is greater than 
the normal rate of fall of such a paper, m fact it 
appears to be drawn downwards This indicates that 
when the air is heated it circulates in the same way 
that water does The heated air rises and cooler air 
flows towards the heated region to take its place In 
the case of liquids we said this was due to convection, 
and we can use the same term to describe the cir 
culation of the air 

Let us enquire if an explanation similar to the one 
we deduced in the case of convection in liquids holds 
good for convection in gases Does the heated gas 
expand, become lighter, nse, then cool contract, and 
sink again? We have already shown that all gases 
expand when heated and a little thought will show 
us that they must become lighter Now the effect 
of this condition will be such that the heated gas 
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will rise This was pro\ed many years ago by a 
French scientist, named Mongolfier, who uished to 
send a barometer up into the air to a great height 
At that time there were no aeroplanes and no envelope 
balloon was able to ascend the 
required distance Mongolfier 
therefore constructed a fire bal 
loon, such as the Chinese had used 
centuries before {Picture 120) 

He prepared a pear shaped enve- 
lope of fire proof material having 
a wide opening at the bottom 
In a brazier just beneath this 
opening he kindled a fire, and 
the hot expanded air rose from 
It and distended the pear shaped bag It was neces 
saiy to weight the balloon to keep it down whilst the 
instruments were being attached When all the 
preparations were complete the ballast was remove 
and the balloon sailed upwards through the air or 
several miles The ascent continued so long as the 
air m the balloon was lighter than the surrounding 
air When, at last, the fire under the balloon died 
out and the air inside cooled and contracted the 
balloon could no longer rise but sank back to ea 



Mongolfier s experiment demonstrated the simi an 
of liquid and gaseous convection It has since e 
shown that currents are more easily set up m 
than in liquids Let us consider a familiar result of 
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to rotate The effect is very striking and attracts 
attention Another illustration of the same principle 
IS seen in the cowls or smoke preventers hxed on the 
tops of chimneys These are made to rotate by the 
heated air which ascends the chimney from the fire 

Let us now enquire what happens to the air after 
It has been made to rise by heating Of course we 
cannot see the air itself moving, but we can judge 
the direction of the air current if we obtain a very 
light object to act as an indicator Release a small 
piece of thin paper, like a cigarette paper, above a 
hot oil stove The paper floats up into the air for 
a considerable distance and then begins to fall again 
Notice that the rate at which it falls is greater than 
the normal rate of fall of such a paper, m fact it 
appears to be drawn downwards This indicates that 
when the air is heated it circulates in the same way 
that water does The heated air rises and cooler air 
flows towards the heated region to take its place In 
the case of liquids we said this was due to convection, 
and we can use the same term to describe the cir- 
culation of the air 

Let us enquire if an explanation similar to the one 
we deduced in the case of convection in liquids holds 
good for convection m gases Does the heated gas 
expand, become lighter, rise, then cool, contract, and 
sink again? We have already shown that all gases 
expand when heated, and a little thought will show 
us that they must become lighter Now the effect 
of this condition will be such that the heated gas 
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will rise This was proved many years ago by a 
French scientist, named Mongolfier, who wished to 
send a barometer up into the air to a great height 
At that time there were no aeroplanes and no envelope 
balloon was able to ascend the 
required distance Mongolfier 
therefore constructed a fire bal 
loon, such as the Chinese had used 
centuries before [Picture 120) 

He prepared a pear-shaped enve- 
lope of fire proof material having 
a wide opening at the bottom 
In a brazier just beneath this 
opening he kindled a fire, and 
the hot expanded air rose from Pictnre lai 
It and distended the pear-shaped bag It was neces- 
sary to weight the balloon to keep it down whilst the 
instruments were being attached When all the 
preparations were complete the ballast was remoied 
and the balloon sailed upwards through the air for 
several miles The ascent continued so long as the 
air m the billoon was lighter than the surrounding 
air When, at last, the fire under the balloon died 
out and the air mside cooled and contracted, the 
balloon could no longer rise but sank back to earth 
again 

Mongolfier’s experiment demonstrated the similarity 
of hguid and gaseous comxction It has since been 
shown that currents are more easily set no in^trases 
than in liquids Let us consider a *■ 
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these currents Usually a dark discoloration can be 
seen on a white ceiling directly over an incandes- 
cent gas jet This dark patch is not soot, for the 
incandescent burner produces very little soot It is 
really a deposit of very fine dust particles which have 
been drawn from the surrounding air by convection 
currents set up by the heat of the gas flame We 
may say then that whenever air is heated it will try 
to rise, and, when possible, cooler air will flow m to 
take its place 

The air cooled cylinder of a motor cycle is generally 
made with projecting flanges, so that the air in contact 
with the cylinder cannot nse directly upwards from the 
surface but is deflected to the side The flanges thus 
increase the number of convection currents which help 
to cool the hot cylinder 

The tendency of cool air to move towards the hot 
region and thus cause a draught is a great aid in com- 
bustion processes, which depend for their support on 
a plentiful supply of air If we kindle a fire m an 
ordinary bucket the fire soon dies out because there 
IS no indraught of fresh air to keep up the combustion 
When a few holes are made in the bottom of the 
bucket this difficulty is overcome and a draught is 
easily created We can illustrate the same principle 
by a simple experiment 

Place a small lighted candle on a smooth table- 
top and surround it with a narrow lamp-glass 
Watch the flame of the candle, it gradually becomes 
dimmer and finally it is extinguished Why is this? 
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Now repeat the experiment, but this time rest the 
Jamp-glass on two pennies so that there is a space 
at the bottom for the air to enter The candle now 
continues to bum for it is being steadily supplied nith 
fresh air Instead of resting the lamp glass on the 
two pennies insert in the top of the 
chimney a piece of paper cut to the shape 
of a letter T {Picture 121) The candle 
again continues to burn because a circula* 
tion of air is established This circulation 
may be shown by bolding a piece of 
smouldering paper over the lamp glass 
Note the path taken by the smoke 
When we examine any variety of stove, 
lamp, or fire we find that provision is 
always made for the indraught of fresh air Picture 121 
It is found by experience that it is more useful to 
lead the healed gas au'ay from the hot region in such a 
way that the cool air does not come 
m direct contact with it This is 
why we place a blower in front of 
a fire {Picture 122), the incoming 
air must pass up through the burning 
fuel, and when heated it rises up the 
chimney The same reason accounts 
for the use of chimneys for oil lamps, 
furnaces, and house fires 
The Romans took advantage of convection m gases 
for warming their houses They arranged to have 
a furnace burning outside the house, and the hot gases 
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from this furnace passed under the floors of the rooms 
and thence to a chimney In the same way they often 
warmed the baths for which they were so famous Our 
most modern method of heating Jarge buildings is very 
similar to this system Liverpool Cathedral is warmed 
on a modification of the Roman plan 

Important as convection is to all forms of combustion, 
It IS even more essential to enable us to obtain a 
supply of pure air The art of ventilation is the 
arrangement of convection currents One of the 
simplest methods of ventilating was used in the 
old coal-mines Two shafts were connected by a 
senes of galleries or tunnels At the bottom of one 
shaft, known as the up cast shaft, a large fire burned 
continuously, and from it hot gas rose up the shaft 
and discharged itself into the surrounding atmosphere 
To supply the fire with air a draught flowed down the 
other — the down cast shaft — and along the channels 
formed by the tunnels In this way accumulations 
of foul air in the workings were prevented The 
method of ventilating a steamship is another appli- 
cation of the same method Fresh air is drawn down 
to the stoke hole of the vessel by means of large 
horn shaped funnels, which stand on the upper deck 
and lead to the interior of the ship In this way 
air circulates through the cabins and the holds of the 
vessel, and is discharged along vnth the smoke and 
the impurities from the boiler furnaces 

In our climate our dwelling rooms are generally 
warmer than the outside air, because of the fires, 
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stoves, and lamps which we use indoors The warm, 
impure air m a room rises upwards towards the 
ceiling, as we may quickly discover by mounting a 
step ladder in a closed room where several gas lights 
are burning When a room is “stuffy/ open the door 
a little and hold a lighted candle in the opening 
(^Picture 123) The greater the height of the door 
the better the results will be 
Notice the effect of the position of 
the candle on the direction of the 
flame At the top of the door the 
flame is wafted outwards, at the 
bottom It turns inwards, and about 
half way up it burns upright and 
steady This indicates the direction 
of the air currents, and shows us 
that a room may be best ventilated by an inlet for 
fresh air near the floor and an outlet for warm air 
just belQW the ceiling Many schemes ha\e been 
adopted by builders to accomplish this The most 
common method is by placing perforated bricks m 
suitable places in the wall If we look around we 
can see many examples of this 



(See Further Exfertvtenls page 168) 
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Further Ehcperiments. 

1 In a saucer contaimng a layer o£ water stahd a small 
lighted candle Place a chiianey round the candle. Explain 
what happens to the candle-flame 

2 Vary the conditions for Experiment 1 so that the candle 
continues to burn "Why is it now possible to keep the 
candle alight! 

3 Bum a piece of camphor in a dish Hold a clean post 
card about six inches abore (he flame for about a mmuto- 
Examine the card Turn the card o^ er and liold it thirty 
inches above the flame for the same time ' The t^o sides of 
the card are not alike. Why is this f 

4 Prop up the bottom sash of an ordinary house window 
by means of a board of the same width as the windor. 
Hold a candle near the top sash Explain the direction of 
the flatne 

6 Bum a piece of tissue paper on a hot Arc. What 
happens to the ash 1 Explain this 

6 Place a candle in a wooden box, and over the box put n 
lid which carries two chimneys, one of which is oicr tlio 
homing candle Hold smouldering paper aboro ^he other 
chimney Gan you explain the direction in which the amoko 
travels! 
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